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BULLETIN No. LXVIl. 


AN APPAEENT INFLUENCE OP THE EAETH ON SOLAE PEOMINENCES 

By J. EVERSHED, f.r.s., and R R. CHIDAMBARA AYYAR, b.a.^ 


In her well-known paper on An Apparent Influence of the Earth on the nnmber and area of Sunspots 
in the Cycle 1889—1901,” Mrs. Maunder gives evidence which “ seems to show that spots tend to diminish 
in area rather than to increase as they pass under the Earth, and that there is a decided tendency to check the 
generation of spots on the hemisphere presented to the Earth. 

■ In Kodaikanal Bulletin No. XXVIII “ On the Relative Numbers of Prominences oljserved on the Eastern 
and Western Limbs,” the evidence given seems to support the conclusion that in tlie case of prominences also 
there is a tendency to a diminution in numbers as they cross the visible disc. 

Oh the other hand, Di. Royds and b. Sitarama Ayyar have shown by the periodogram method of Schuster 
that any effect due to iflanetary action, including the Earth, is improbable, although “ the observed systematic 
excess on the one limb or any jreriodicities in its variations must be associated with the Earth’s direction.”*’ ' 

If it is assumed that the Eartli tends to extinguish a prominence chu-ing its passage across the Sun’s disc 
this action might be expected to vary between the northern and southern hemispheres having some rt lation to 
the direction of the Earth or to the relative areas presented to the Eardh. For instance, between February 'ind 
March of each year the centre of the Sun’s disc is in 7“ south latitude and the total visible area of the southern 
hemisphere is greater than that of the northern by about 28 per cent. ' In August and September the northern 
hemisi)h,ere predominates oyer the southern by the same amount. If therefore the Earth really exerts -in 
influence on the prominences, this difference in area or the change in the direction should give rise to a semi- 
annual periodicity in the eastern excess for each hemisphere. The Sun’s synodic rotation period being roughly 
28 days, wo can find the amount of extinction supposed to be produced by the Earth by com]3ariug'"the 
prominences on any day on the east limb with those on the west limb fourteen days later. Thus, if be the 
prominences reckoned in numbers or areas observed on the east limb on the first day, y those o))served on the 
west liml) on the 15th day, the extinction is x — -y— E, where E may be expressed as a percentage of x and 
is [jositive when ]Jioininences are reduced in innnber or area, negative when new prominences are added 
areas increased. ’ ^ - or 

^Let iis suppose that the inclination of the Sun’s axis, which we call D, is a maximum in the north, or 
Z) - + 7^ Then x,, - y„ = E„ will represent the extinction in the northern hemispliere, where x„ represents 
the prominences observed on the north-east limb on any daj*, and y,, those observed on the north-west limb 
on the fifteenth day. Similarly .r, y* E, will represent the extinction in the southern hemisiohere Put 
since the northern hemisphere is presented towards Earth, E,, should be greater than Z;«, E„ - E, being positive 


1 Mr Chiclambara Ayyar who recently joined the staff at Kodaikanal has by great industry in dealing with tl,« 
mass of material contained in our prominence records discovered a new relation between prominence freouencits f a 
west of the sun’s axis and the heliographic latitude of the Earth. This, while adding weight to the case for an infl Vti 
Earth on solar phenomena, is apparently opposed to the suggestion that the Earth tends to extiiwuish a'promiimne! 
passage across the visible disc. Mr. Chidambara Ayyar is entirely responsible for the method of trea°tiiw the record T f 
the facts given in this paper, and is to be congratulated on the interesting and suggestive results of his reLarch - jV 

2 Monthly Notices of the Royal Astronomical Society, LXVIl, 474. ' ' ‘ . 

8 Kodaikanal Observatory Bulletin No. XXXV. 



In the sune way, when Z> is - 7°, E, shonid be {ji-eater than E.,, E„ - E, being negative. If therefore our 
iissmnptnm is con-ect, the vnlne of Eu - E, shonid every yeiu- be positive when D = + 7° and negative when 
“ 7 values should rise and fall consistently with the changes in D. 

If on the otlier hand E„-?Ji is systematically negative when D = +7°, and positive when 1) = -1° or 

the value falls for + 7“ an, I rises for - 7^ it wouhi seem that the Earth instead of extinguishing prominences 
tends to sustain or generate them. 

This principle ha.s been employed in exiuiiiiiing the hirge amount of material supplied bv the prominence, 
records of the Kodaikanal Observatory for the years 1JI04-1920. Precautions have been taken to ensure 
mirt limbs on pairs of days a fortnight apart. For example, if 

w-r T? T '' in any 

coniiiti ns r d exaggerated extinction, but the extinction would be lessened if the 

nu . . PJi”^^“«raphs were not obttxiiied under as far as possible ideal conditions. 

north instance at epochs when the value of il reaches 7° or over, 

ilO nairs betw^J A 30 pairs between February and March and 

each individual^ear September, and since a proportion of tliese liixs to be rejected, the material for 

tlifanntd It is indeed surprising that 

me annual results come out as consistently as they do. 

16 yeutriOOl—l'loo^ prominence numbers for the entire period of 

August and Sentemb’e T’'*'" i conditions in Febritary and March compared with 

August and September, when cloudy monsoon weather prevails, the annual numbers for Z> = - 7“ are much 
larger and therefore give more trustworthy mean values than those for Z> = + 7°. 

ted in^Ililng S of extinction on the west limb vai-ies very in-egularly, as is to be cxpec- 

ed m dealing with^ such relatively small numbers for each year. Yet there is seen to be more often a gain 

rZaiLThe v™r°7V which is tm-ned towm-ds Ear-th, and when we 

nSly xnfarlXe^l'x^ ‘tf’ i" ' T ^ =-7“ there results a systematic iliiference. which 

re coiisisteiitly tit 7 fnid the lower ut + 7 for everv vpar nnfii loi^; ini 7 i i 

wnoie niimoer trom to 1911 inclusive, and in the five vears u m-r . ^ 

i„i. »M lau . ,,, ,,, 

n«nb»s a, cb«,e i, boH, i„ th, s™e..al dteWbuto 

jbat. 1917-1930 it i, 49-0 per cent tobtead of 48-2 per eent ““ '»”• 

the Str^Z^val^rof '+^7” S -T Tut Tn of prominences for the epochs when i) has 

available before that date. The results^re shownlmril^L'^l of ai-eas are not 

Pbinp. o, are. Tb. app„epO, 



o 

O 


numbers, yet the comparison ol the valuesJ 7 „-A’„ for D= + r ami T)= - 7 ° e.i,. 

tions in Avhioh nln^ x-iinnc. r, . . p- ^ the same periodical fiiictim- 

points in the curve Jccur ■svhenS=''-'r or the higher 

11)17, after which the higher points conJp'oncl TT 

Ho far we haA-e taken no account of the intermediate values of B. In order l“dek'''“ h’ , 
value 7^.- it,; rose ami fell in the negative .lirection concurrently with the increas» 
vice versa, it was necessary to examine the prominences of e-imry dav from the fi 7 
the first Aveek in June 11).2(), throughout each of the years, and tabulate the numb«777 7cl Intr 
method already described. This Avas a most laborious undertakim- but the resnlt« m , ' 

justified the labour spent upon it. 

„c, change in IJ was divided into a series of stages as folloAvs ;— fl" to 2° 9 ® to 4° 4 " to C° f° t 

The values of E.-E, for each such stage and for all the vears is given in Tabi; III ^he am " T’ 
the lb years have been plotted in diagram No. III. This result is most striking, the curve bein- -t 7h\pn77 
mation to the ideal sine curve that Ave might expect to get were the conditions perfect. There” is a sli<dit 
hderence in phase in that the transition from positive to negative direction, and negative to positive does m 
ake place exactly at the tmiid where Z> = 0 °, and the maximum of the curve for the negative ^lier^ S 
( ocs not occin exactly at B- 7 . This is possibly due to the inherent irregularities in the materials wn 
are ( ea mg with. It app«,rs to us that the general trend of the curve shows that there is a close correlation 

^ 2 ’lie relation does not, however, appear to he a permanent one and aiiplies only to the period 1004—191(1 
luclusue. n we take tlie years before and after the change which took place in l!)lt;-1917 and plot the 
results m the same Avay we get the curves I and II in diagram No. IV. Here curve I is for the years 1904—191,; 
inclusive and cuiwe II for the four years 1917-1920. It Avill be seen that whilst curve I approxiimdes to ihe 
sme curve given m broken lines, curve II sIioavs no relation at all to the values of B. 

Finally we have investigated the relative frequencies between the northern and southern hemisplieres- 
to see Avbether any relation can be made out between the total activity of the hemisphere turned toAvards 
Earth compared Avith tliat turned UAvay from Earth. Taking as before the epochs Avhen D has the maximum 

values + 7 and , Ave find tliat tliere is no such relation as is shoAvn liy the figures for the relative extinction 
l)et-Nveen north, and south. 

On the whole during the period 1904—1920 there is slmwii a general prepomlerance of south over 
north thtmiortherii prominences lieing 4cSl per cent of the Avhole number Avhen B = + 1° and 48'9 per cent 
when B 7 . If wt limit the period to 1S)04 191() the figures are 481 and 48‘2 per cent res]iectively. 
We can scarcely attach any significance to so small a difference as is here indicated. 


The OBSBEA-ATORAy IvODAIKANAL, 
197/, June 1921. 


J. EVERSHED, 

B'irectur, Kocluihanal and Madj aa OhKeri' atopies. 


P. R. CHIDAMBARA AYYAR, 

Assistant. 
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Table til. 

The value of tin — as the value of D changes from 0° through + 7'^ to 0° itud from O'’ through— 7® to O'’ for the ycai-s 1904-1905 to 1919-1920. 
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BULLETIN No. LXVIII. 


♦ 


SUMMAEY OF PROMINENCE OBSEEYATIONS FOR THE FIRST H A T,F 

OF THE YEAR 1921. 


The distribution of prominences observed and photographed during the half-year ending .30th June 1921 
is represented in the accompanying diagram, in which the full line gives the mean daily areas and the broken 
line the mean daily numbers for each zone of 5 ° of latitude. The ordinates represent tenths of a square minute 
of arc for tlie^full line and numbers for the broken line. The* means are corrected for incomplete or imperfect 
records, the total of 171 days being reduced to 161 effective days. 
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Compared with the previous half-year the zones of greatest activity have advanced about 10° towards 
higher latitudes in both hemispheres. This is probably a temporary fluctuation as the regular advance towards 
the poles has not been observed previously until a few years before the epoch of maximum sunspots. There 
is still considerable activity in the equatorial region but this is likely to decrease during the next few yeai-s. 

The mean daily areas and numbers corrected for imperfect observations ai-e given below : — 




Mean daily 
areas (square 
minutes). 

Mean daily 
numbers. 

Nortli 

... 

1-92 

7*09 

South 



270 

7*57 


Total . 

4-62 

14*()() 


Areas show a decrease of 9 per cent in the northern hemisphere and aai increase of 24 per cent in the 
■southern compared with the preceding half-year. In the case of numbers tliere is a general decrease amount- 
ing to 8 per cent. The activity is greater in the southern hemisphere in the case of both areas and numbers. 
The southern prominences are also on an average slightly brighter than the northern. 

The monthly, quarterly and half-yearly areas and numbers, and the mean height and mean extent of the 
prominences are given in table I. The unit of area is 1 square minute of arc. 


Table I. — Absteaot for the first half of 1921. 



Months. 

Number 
of days 
(elective}. 

Areas. 

Numbers. 

Daily Means. 

Mean 

1 

Mean 



Areas. 

Numbers. 

height. 

extent. 


Jftnuary 

22 

104-2 

321 

4-74 

14*6 

M 

31*3 

• 

3*77 


Februoiy 

2() 

139-8 

390 

5*37 

16-0 

32-5 

3-82 


March 

?1 

142-8 

465 

4*61 

15-0 

32-9 

3*79 


April 

29 

142-0 

406 

4*90 

14*0 

34-3 

4*68 


May 

30 

138-9 

460 

4*63 

15-3 

32*0 

3*67 


June 

23 

76'3 

319 

3-32 

13*9 

30*8 

3*14 


First quarter 

79 


1176 

4*90 

14-9 

32*3 

3-79 


Second quarter 

82 

357-2 

iia5 

4-36 

14-5 

32*5 

3*84 


First half-year 

161 

744*0 

2361 

4*62 

14*7 

32*4 

3*81 


Distributim eaxt and -west of the Sun's axis. 

Areas show a western excess in the first three months and an eastern excess in the last three, resulting in 
ia slight western preponderance for the half-year. In the case of numbers, the activity was greater in the 
western hemisphere throughout the period. 


1921 January to June. 

East. 

■West. 

Percentage east. 

Total numbOT observed 

Total areas in square minutes 

1154 

370*6 

1207 

373-5 

48-87 

49*81 


The average brightness of the western prominences was slightly greater than that of the eastern 
prominences. 
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Metallic prominences. 

Tliirty-five metallic prominences were recorded during the lialf-s^r of wliicli as many as twenty-four- 
were in southern latitudes. Details of these prominences are given m the table below : — 

Table II.— List ob metallic prominences observed at Kodaikanal, January to June 1921. 


Latitude- 


^N'opfcb, South. 


Limb. Height., 


January 


February 



5016, 5018-6, bx, ba, bg, b4 , 5234*8, 5276'2, 5316-S, 
Li, Ds, 6677, 7065. 

bi, bg, bg, b^, Li, Lg. 

bl, bg, bg, Li, Dg* 

4924*1, bl, bs, bg, b^, 5316*8, Di, Lg. 

bl, bg, bg. 

bji bg, bg, Li, Lg. 

bl, bo, bg, bl, Li, Lg. 

4924-1, 6677. 

bl, bg. bg, 1)4, 5316 8, Di, Lo. 

5018*6, bi, bo, bg, b4^5316•8, Lx, L., 6677,. 

7065. 

5018-6, bx, bg, bg, b4, 5316*8, D,, Dg. 

bl, bo, bg, b4, Di, Dg. 

bx, ba, bg, b4, 5316*8, Dx, L3. 

4922 4, 4924 1, 5016, 5018*6, bx, bo, bg, 64, 5197*7 
5227*4,5234-8,5269*7, 5270*5, 5276 *2^ 5284*2 
5316*8, 5363*0, 5371*6, 6397*3, 5406*0, 5424*3’ 
5429*9, 5434*8, 5447-1, 5455*7, 5535*1, Dx, Lo 
6677, 7065, ’ 

4924*1, bx, bo, bg, 1)4, 5316*8, Lx, Dg. 

4924*1, 5018-6, bx, bg, bg, h^, 5316*8, Lx, Lo. 

bl, ba, bg, b.,. Lx, Lo. 
bl, bs, bg, b4, Lj, Lj. 
bl, ba, bg, b.i, Lx, Lo. 

bl, bfl, bg, b.i, Lx, Lo. 

bx, ba, bg, b4, Lx, Dg. 

5016, bl, bfl, bg, 64, 5316*8, Dx, D2, 7065. 

4924*1, bx, bs, bg, b4, 5316-8, Dx, Do, 6677. 

5316*8. 

49^-1, 5011), 6018-6, bl, b^, bg, b*, 6316-8, Dj, 
Do, 6677, 7065. 

1 ^21 6677, 7065 (metallic for 

10" height only), 
bl, bo, bg, bi, 5316*8, D,, Do. 

^2, bj 5316*8, 5363*0, Bx, 

Do, ui,)77, /0b5. 

bx, bo, bg, bi, Dx, Da. 

bj, ^2. hi, t,., 6316-8, 5303-0, 
Di, D., 6677, 706,5. 
bl, ba, ba, bl, D,, D.. 

I?:; ^328-0, 

,5363-0, Di, Da, 6677, 7065. 

bl, bl, ba, bl, 6316-8, D,, Di, 7066. 


The metallic prominences wex^e distributed in latitude as follows : — 


— 

1° to 10*^ 

o 

M. 

O 

o 

21° to 30'^ 

Mean latitude. 

Extreme 

latitudes. 

North 

4 

7 


0 

11-5 

o a 

1*5 and 20 

South 

3 

9 

12 

18-4 

2*5 and 30 


Fifteen were on the east limb and 20 on the west. 

1-A 
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Displacements of the hydrogen lines. 

Particulars of the displacements observed in the chromosphere and prominences are pfi von in the following 


table 


TablB hi. 




Latitude. 


Diaplacemeut. 

Date. 

Hour 



Limb. 



IS.T. 

North. 

South. 

Hed, 

Violet. 

Both ways. 



1921. 

H. 

0 

0 


A. 

A 

A 

JanuaiT 1 

9 32 


43 

W 

Sfeht 



1 

9 37 


SB 

w 

Do. 



1 

9 38 


33 

w 


1 


1 

9 40 


32 

w 

1 



1 

10 56 

25 


w 

Slight 



3 

9 52 

61-6 


E 

2 



4 

8 38 


6 

E 


Slight 


4 

8 43 

85 

15 

W 

Slight 


5 

9 42 


E 

1 


5 

9 38 

33 


E 

Sliglit 



5 

9 7 

4 


E 

Do. 



5 

7 

10 2 

9 1.8 

29 

25 

W 

W 

1 

Sliglit 

4 


8 

9 35 


8 

E 


2 


9 

10 24 


9 

E 

1 



9 

9 53 

39 


W 

Slight 



9 

9 48 

47 


w 

1 



15 

15 8 

77 


E 

1 



15 

16 

15 3 

14 68 

47 

29 


E 

B 

2 

2 

Slight 


15 

14 56 

21 


E 



16 

9 5 

30 


W 


0-5 


17 

9 45 

69*5 


E 

1 


17 

9 40 


71 

W 

0-6 



17 

9 13 

14 


W 

2 

4 


22 

10 35 

10 


w 

1 



22 

10 35 

15*5 


w 

1-5 



23 

9 22 


17 

w 

1 



23 

9 10 

9 


w 

0-6 



24 

8 54 

19 


w 

1-5 



25 

25 

8 27 

8 20 

17 

4 


E 

W 

Slight 

0-6 


26 

10 20 


39 

E 

2 


27 

8 24 

42 


W 

] 



29 

9 15 


20*6 

E 

6 

.8 


29 

29 

9 0 

8 56 


45*5 

56-5 

E 

E 

Slight 

Do. 



29 

30 

8 52 

9 51 


74 

6 

W 

E 

ShghJ., 


30 

9 51 


8 

E 

1‘ . 


30 

9 36 


39 

W 

1 


31 , 

8 30 

69 


E 

0-5 

1 


.81 

8 34 

70 


E 

Slight 


February 1 

8 45 

8 48 

36 

68 


W 

E 

Slight 



2 

3 

9 0 

: 9 25 

' 14 

8 

W 

E 

0*6 

2 

i 


3 

9 20 

11 


E 



3 

8 59 


30 

E 

2 

1 1 


3 

3 

9 41 

9 43 


52 

36 

W 

w 

2 

Slight 


4 

4 

4 

5. 

8 50 

8 40 

8 40 

9 4 


64-5 

5 

8 

24 

W 

W 

E 

Slight 

05 

Slight 

1 


6 

6 

10 10 

10 27 

83 

15 

W 

•E 

Slight 

1*5 



llonmrkH. 


At top. 


At base. 


At top. 


At baHO< 


To red at base ; to violet at top. 
At top, 

Do. 

At base. 


At top. 

At top. 
At base. 


At base. C was also displaced to 
red and lA to violet at top of 
prominence. 

At base. 


At base. 
Do. 
Do. 


At base. 
At top. 


At top. 


At base. 
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Date. 

Hour 

Latitude. 

Limb. 

Displacement. 

Bemarks. 

I.S.T. 

North 

South. 

Bed. 

1 Yiolet. 

Both ways. 




1921. 

H. M. 

o 



A 

A 

1 ^ 


February 7 

9 

8 52 

8 35 

54-6 

18 

E 

W 

0 5 

1 


At top. 

10 

8 59 


40*5 

E 

1 



At base. 

10 

9 45 


19 

W 

Slight 



11 

8 30 

79*5 


E 

O'f) 



12 

9 40 

34 


E 

1 




12 

12 

9 32 

9 20 

16 

30 

E 

E 

Slight 

I. 


At top. 

At base. 

12 

9 9 


73 

W 

Do. 



12 

10 2 


16 

W 


2 



13 

13 

9 33 

Equator 

E 


1 



9 14 


23 

W 


If) 



13 

9 14 


24 

W 

1 



13 

8 fiS 

39 


W 

1 




14 

IG 

IG 

IG 

9 24 

9 7 

9 10 

8 52 

71 

10 

6 

15 

E 

E 

li' 

W 

1 

1 

L5 

1 

Of) 


At top. 

To red at base j to violet at top. 

At top. 

18 

21 

21 

22 

8 40 

9 5 

8 52 

9 57 

32 

30 

11 

25 

E 

W 

w 

E 

1-5 

2 

1 

0-5 

1 


At top. 

To red at top j to violet at base. 

At base. 

22 

22 

10 5 


62 

E 


1 



9 35 


61 

W 

Slight 



22 

9 30 


27 

W 

1 




22 

22 

22 

9 3 

.Blfj 


w 

Slight 




9 0 

8 36 

56*5 

72-5 


w 

w 

1 

Slight 



24 

8 47 


9 

E 


1 ■ i 



24 

8 40 


30 

E 


Of 1 



24 

24 

8 33 

9 23 

' 5 

65 

E 

W 

Slight 

1 i 


At top. 

25 

8 45 


7 

W 

i 



25 

8 40 


2 

w 


2 



2G 

8 32 

22 


E 

Slight 




26 

27 

8 45 

8 60 

11*5 

4 

E 

2 

2 



At top. 

Do 

28 

9 28 

10-5 


E 


•1 


Do! 

28 

9 G 


11 

NV 

1 



28 

9 G 


7 

W 

2 




March 1 

9 18 

16 


E 

4 




1 

2 

9 45 

8 28 

74-5 

7 

W 

E 

Slight 

1 


At top. 

2 

8 40 


3 

W 

0*5 



2 

3 

8 36 

9 35 

13 

71-5 


W 

E 

1 

Slight 


At top. 

3 

9 29 

7 


E 


Do. 



3 

9 12 


20 

E 

2 



4 

4 

8 36 

8 32 

63 

30 

W 

W 


Slight 

Do. 



5 

9 44 

27*5 


E 

1 



5 

9 41 

26 


E 


1 

1 



5 

9 26 


21 

E 




5 

9 23 


25 

E 

2 




5 

9 31 

30 


E 

1 



At base. 

G 

9 1 

68 


E 


Slight 


7 

8 11 

81’5 


E 

Slight 




7 

7 

8 7 

8 37 

59*5 

33*6 


E 

E 

()-5 

Slight 



7 

8 13 

81-5 


W 

1 




8 

9 

9 16 

8 39 

54‘5 

19 

E 

E 

Slight 

Slight 


To red at base ; to violet at top. 

9 

8 51 

10 


W 

0-5 




10 

10 

9 12 

8 58 


8 

73-5 

E 

W 

1 

1 

2 


To red at base ; to violet at top. 

11 

8 26 


13 

E 

Slight 





2 



X8 


Date. 


mi. 


March 


April 


V2 

1‘2 

12 

13 

13 

14 
U 
14 
Ifi 
IG 
17 
17 

17 

18 
18 

19 

20 
20 
20 
21 
21 
21 
21 
21 
22 
22 
22 
22 
23 

23 

24 

25 

26 
27 
29 
90 

2 

2 

2 

9 

3 

4 

5 

6 
6 
6 

7 

7 

8 
0 

10 

10 
11 
11 
13 

15 

16 
16 
16 
16 
16 
18 
18 
21 



Latitude, 


Displacement. 

Hour 




Limb. 


. 

I.S.T. 








North. 

South. 


Red. 

Violet. 

Both ways. 

H. M. 

c 


o 


A 

A 

A 

8 11 



8 

E 


1 


9 52 

28 



W 

Slight 



9 57 

77 



W 

.Do. 



8 50 


52 

W 


Slight 


8 51 


56 

W 

Slight 

1 


9 20 


32-6 

E 

2 



9 4 


58 

W 


0*5 


8 55 


22*6 

W 

1 



8 51 


25 

W 

1 



8 44 

24 



W 


Slight 


9 24 

55-6 


■ 

E 

Slight 


9 31 


80 

W 

1 



9 40 


28 

W 

1 



8 .34 


34 

E 

Slight 


' ■ 

8. 38 


70 

E 

Do; 



8; 44 

34-5 



E 

1 

0*5 


9 21 

37-6 



E 


Slight 


9 16 

9 



E 


2 

9 14 



6 

E 


1 

a 42 

59*5 



E 

1 



9 18 

.15 



E 

2 



9 6 


•27 

W 


1 


8 56 

20 



W 


Slight 


8 46 

31 



W 

1*5 


9 16 

9 18 

25 

15 



;e 

E 


Slight 

1 

9 20 

9*6 



E 


1 

9 0 


69 

E 


Slight 


8 32 

60 



E 

Slight 


9 2 

10 

52 

E 

Slight 


. 

9 4 



W 

2 

! 1 


9 8 


33 

E 


0*6 


9 55 


11 

W 

0 5 


8 60 ! 

67'5 



E 


! Slight 


9 14 


13*5 

W 

1 


9 0 

83'5 



W 

1 

. 


9 20 

T2-5 



E 


j 

i 2 


9 10 


30 

E 

1 



9 7 


375 

E 


1 


8 38 

9 12 

62 

18-6 



E 

E 

2 

Slight 


9 22 

17 



E 

2-6 

2 


8 42 

58‘6 



E 

0*5 



9 29 

.60’5 



E 

1 



9 37 


23 

W 

1 

.8 



10 8 


11*5 

W 

2 


8 36 

62‘5 



E 

1 



9 20 


23 

E 

.1*5 



9 32 

27 



E 

1 



9 26 

44 



W 


1 


8 37 

46’5 



E 


; 0*5 


8 42 

63-6 



W 


Slight 


8 40 

64-6 



E 


; !)*5 


8 61 

8 66 

7 

56‘5 



E 

E 


Slight 

0*5 


8 32 

60*5 



E 

1 


8 37 



6 

W 

1*5 

1 


9 42 

9 8 

12 

53 

W 

w 

Slight 

1 

; 1 


9 6 

62*6 



w 

Slight 

i 


9 4 

83*5 



w 

()'6 

1 


8 64 

66*5 



E 

0*5 

1 


10 21 

43*5 



E 

: 1 


9 8 



19 

W 

2 

- 1 

[ 



Kemarks. 


At top. 
Do. 

At base. 
Do. 


To red at top ; to violet at base, 


At top. 
At base. 
Do. 


At top. 
At base. 
At top. 


At base. 
Do. 


At top. 
At base. 


At top. 

To red at top ; to violet at base. 

At top. 

To red at top; to violet at base. 
Eruptive,) 


At base. 


At top. 


To red at base ; to violet at top. 



19 




Latitude. 



Displacement. 


Date. 

Hour 



- Limb. 



Remarks, 

I.S.T. 








I North. 

, South 


Red. 

Violet. 

Both ways. 


19‘21. 

J[. M. 

o 

o 


A 

A 

A 


April *22 

22 

8 44 

67-5 


E 


0*5 


At base. 

9 10 


10 

E 

3 

2 


To red at base ; to violet at top. 

24 

8 30 

35‘5 


E 

1 



At base. 

24 

9 1 


47 

E 

0-5 




24 

9 4 


84*5 

E 


0-5 



24 

8 35 

61 ’5 


W 

0-5 




2(1 

8 57 

77 


E 

0-5 



At base. 

2G 

9 10 

40 


E 

0-5 



Do. 

27 

9 7 

31. 


E 


1 



27 

8 52 


25 

E 

5 




27 

8 48 


52 

E 

Slight 



At top. 

27 

9 17 

5 


W 

1 


At base. 

28 

8 30 

78 


E 


Slight 


At base. 

28 

8 28 

63*5 


E 

0’5 


28 

8 64 


29 

E 

0*5 



Do. 

28 

8 42 


2 

W 

Slight 



At top. 

28 

8 36 

16 


W 

1 



29 

9 33 

10 


E 

0*5 



At base, 

29 

9 2 


12 

W 

2 

3 


To red at top ; to violet at base. 

29 

8 47 

36-5 


W 

1 


At base. 

80 

9 14 


54-5 

W 

Slight 




80 

9 17 


45 

W 

0*5 

(>5 




30 

9 21 

20-5 


W 




May 1 

8 36 

26*5 


E 

1 



At top. 

1 

8 55 


8 

E 


05 


At base. 

1 

9 0 


18 

E 

0*5 


1 

8 44 

40 

11 

W 

Slight 


Do. 

1 

8 40 


W 

1 



8 

4 

8 62 

34-5 


E 

0*5 




0 19 

14 


W 

Slight 




G 

18 36 

65 


E 

Do. 




G 

G 

8 32 

8 40 

!-45 

50 


E 

W 

0*5 

Slight : 



7 

9 19 

67-5 


E 

2 



7 

9 11 

32 


E 


1 


At base. 

7 

9 5 

24 


E 

1 



Do. 

7 

9 2 

Equator 

E 

1 




7 

8 51 

66 

65 

B 


Slight 



8 

8 20 


E 


Do. 



8 

8 35 

60*5 


B 

1-5 

1 

0*5 


To red at base ; to violet at top. 

8 

8 52 

T’5 


E 

0-5 


Do. 

■ 8 

8 30 


16 

W 

0*5 



9 

9 30 

2 


E 

1*5 i 



9 

9 30 


8 

E 

1*5 

1 


To i‘ed at base; to violet over middle 







of prominence. 

9 

8 52 

28 


W 

1*5 

0*5 


To red at top j to violet at base. 

9 

8 45 

65 


w 


1 

2 


At base. 

10 

9 40 


39 

E 

1 


To red at base ; to violet at top. 

10 

8 58 


14 

W 

0'5 



10 

8 49 

24 


W 

0’5 



At base. 

18 

9 40 

1 


E 

1 



At top. 

15 

10 0 


21 

E 

1 



At base. 

IG 

9 3 


16 

E 

1*5 



At top. 

18 

10 29 

22 


E 

1 



19 

8 50 

66 


E 

0*5 




19 

10 22 

43 


E 


0*5 


At base. 

19 

10 28 

20 


E 

1 

0*5 


'I’o red at base 5 to violet at top. 

21 

8 35 

2 


W 

1 

3-5 


To red at top ; to violet at base. 

21 

8 28 

60 


W 

0*5 



22 

8 46 


26 

W 


0-5 



22 

8 38 


4 

W 

1 



At top. 

23 

9 0 


42 

E 


1 


Do. 

24 

8 52 

19 


E 

1 



At base . 

24 

9 12 


27 

E 

0*5 



Do. 

26 

10 42 


10 

E 

2 

5 


'fo red at base ; to violet at top. 

26 

10 32 

2 


W 

1 



At base. 

27 

9 22 

75 


W 


0*5 
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The total number of displacements was 300, of which three were on the equator, and the rest were 


distributed as foUo-ws 

Latitude 

North 

South 


1°— 30° 

70 

89 


31°— 60° 

45 

33 


61°_90° 

43 

13 


Total 

1 CQ 

1 

134 


East limb 

• 


168 

West limb 





133 



Total ... 

300 


One hundred and seventy-four displacements were towards the red, 123 towards the violet and 3 l^oth 
ways simultaneously. The greatest displacement observed was 8A to red ovt^’ the upper portion of an 
eruptive prominence on April G. 

BeversaU mid disj^lacements on the disc. 

One hundred and fifty-one bright reversals of the Ha line, 8G dark reversals of the line and 120’ 
displacements of the Ha line were recorded during the half-year. All these were in excess of the previous 
half-year, owing partly to more favourable observing conditions and pai^tly to the appearance of very active 
spots on the Sun’s disc. The large eqmitorial group of spots which crossed the central meridian on May 
14-15 was the seat of very violent disturbances throughout the period it was visible. On one occosioji 
(May 19) in addition to the hydrogen lines, the lines of sodium, magnesium and the enhanced lines of iron wei^i 
observed to be brightly reversed over the umbra of the spot. Altliough reversals of the sodium and magnesium 
lines have been noticed on previous occasions, this is the first time that iron lines have been observed here to 
be so reversed. A photograph of the spot spectrum in tlie H and K region taken on May 14 at 8^ 15”^ I.S.T,, 
shows bright reversals of the stronger arc lines of iron, the aluminium lines and the silicon line at 3905‘t5G, in 
an eruption between the principal spots of the group. The reversals and displacements were distributed as 
follows 



Millionths <^tke Sun’s Visihle Hemisph 
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North 

South 

Equator 

East 

West 

Bright reversals of Ha 

... 72 

67 

12 

69 

82 

Dark reversals of 

.34 

44 

8 

.33 

5.3 

Displacements of Ha 

51 

54 

15 

49 

71 


Ninety-six displacements were towards the red, 25 towards the violet and 3 both ways simultaneously. 

Prominences projected on the disc as ahsorption mctfhmgs. 

Photographs of the Sun’s disc in Ha light were obtained on 157 days, counted as 150 effective days. The 
mean daily areas in millionths of the Sun’s visible hemisphere, corrected for foreshortening, and the mean daily 


numbers are given below : — 



Areas 

Numbers 


N orth 

. . ... . . . 

- ... ... 

... 1466 

12-2 


South 

.. 

, 

... 3332 

22-1 




Total 

... 4798 

.34-3 



Goniyared with the x 3 revious half-year both areas and numbers show a large decrease in the northern 
hemisphere and a large increase in the southern. In tli^a case of areas the decrease in the north amounts to 44 
per cent, and the increase in the' south to 25 per cent. There results a large preponderance of activity in the 
soutli, as is also shown l)y the prominences at the limb. 

The distribution of the mean daily areas in latitude is shown in the accompanying diagram 




The distribution is practically the same as that of the prominence areas. Compared with the ijrevious half- 
yeai^ the zones of maximum activity have moved towards the higher latitudes and as in the case of prominence 
aretxs, the curve is marked by a peak at about 40° in the northern hemisphere and between 50° and 55° in the 
southern hemisphere. In agreement also with the prominences at the limb areas show a \yestern excess during 
the tirst quarter and an eastern excess during the second quarter. Numbers also show this distribution. For 
the whole i)eriotl there was a slight pastern prepondprance, the percentage east being 50‘51 for areas and 507()- 
for numbers. 

The Obsbbvatory, Kodaikanal, J. EVERSHED, 

Slst August 1921. Director, Kuclaiharial m Ohservatories. 


MADRAS; PRINTED BY THE SUPERINTENDENT, GOVERNMENT PRESS— 1921. 


Price, B annaf^. 



BULLETIN No. LXIX. 


SUMMAEY OF PEO^llNENCE OBSEEVATIONS FOE THE SECOND HALF 

OF THE YEAE 1921. 


The ttistrihiition of proHiiiienees observed and photographed during the half-year ending .‘Jlst Deceinbf^T\ 
1921, is represented in the accompanying diagram, in which the full line gives the mean daily aims and the 
l^rohen line the mean daily numbers for each zone of 5° of latitude. The ordinates represent tenths of a square 
Triiiinte of arc for the full line and numbers for the broken line. The means are corrected for incomplete or 
i ixiperf eet observations,, the total of loG days being reduced to 132 effective days. 
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i.niflveav even in detail. There is a slittht 
The distribution curve is very much like that o le pievi hiis lulvanced 5° towards higher 

.UmmuHon ot activity ia Ibe .qaatoml region, .a<l the »„e ot gre»l..t aoW 

latitudes in the noi-tlieru hemisphere. j. ^..-owntinns are given below : — 

The mean daily are.e and n-mhere oorrecW fo, mgerfeet obaeryahona b 


Norbli 

Soutli 


Total 


Mean daily 

Moan daily 

areas ^Kquavc 
minutes). 

imiuboi'H. 

r7(; 

i)T)l) 

VTl) 

tVDl) 



— 

aTir) 

i.Tna 


Theae Hgm-ea repreaeht a deoreaee of ^ T, d l.« 

=i" . “hVIXit:;:. hed.l.phe»a. Th, — promm.,,.. w.„ allghfly bylgUfor 

than the northern. . height iind mean extent of the 

The monthly, quarterly and half-yearly areas and numbers, and the mean iitig 

prominences are given in table I. The unit of area is 1 squai-e minute of arc. 


TABIiTS I.— ABSTBAOT FOR THB SECOND HALF OF 11)21 




• •' ■ 1 

Meati 

height. 

tf 

30*1 

27*7 

33*0 

33*H 

30*7 

31*7 

Mean 

extent. 

o 

3* 10 

2*75 

3*87 

3*05 

}i*03 

3*17 


Months. 

Number 
of days 
(efEective.i. 

Areas. 

Numbers. 

Daily Moans. 

Areas. 

NuniborH. 

Jtily 

August 

September 

October 

November 

December 

IG 

24 

22 

21 

24 

25 

52-0 

()7‘l) 

89*1 

83*2 

00*3 

86*5 

104 

339 

201 

285 

403 

313 

3*25 

2*82 

4*05 

3*90 

3*76 

3*40 

12*1 

14*1 

11*9 

13*0 

10*8 

12*5 

794 

3*37 

12*8 

30*2 

:vai 

Third quarter 

02 

208*7 

Fourth quarter 

70 

200*0 

1001 1 3-71 

14*3 

31*9 

3*25 

Second half-year 

1B2 

468*7 

1795 

3*55 

13*0 

31*2 

3-a3 

J ... ^ 



Distribution e(tst and west of the Hun's cuvis. 

Both areas and numbers show a slight western preponderance as will be seen from the hd.le 


• 1921 July to December. 

East. 

West. Percentage east. 

Toial number observed 

Total areas in square minutes 

870 ■! 

231-5 

910 48-97 

237-2 49-39 


The average brightness of a prominence was the same on the east limb as on the west. 
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Metallic 2yi'omi».eiice)i. 

Fourteen metallic prominences were oliserved of which seven were recorilecl during the month of 
December. Details of these prominences are given in the following table 

Table IL— List op metallic prominences observed at Kodaikanal, July to December 1!)2L 


Date. 

Hour 

I.S.T. 

Base, i 

Latit 

North. 

ude. 

South. 

Limb, 

Height. 

1921. 


Ji. 

M. 


0 

D 


tf 

.July 

1 

9 

1() 


11 


E 

10 

August 

24 

m 

9 

9 

3 

5 

13 

11 

13 


E 

W 

25 

15 

SepternbcT 

1() 

2:1 

8 

8 

35 

40 


17 

10 

W 

W 

10 

55 

November 

24 

10 

55 


14 


W 

20 


25 

10 

1(> ■ 


7 


W 

05 

December 

1 

8 

20 



4 

w 

00 


2 

8 

35 

4- ' 


1 

w 

20 


15 

15 

9 

9 

24 

32 

• 8 


1 

9 

E 

E 

20 

10 


21 

22 

10 

8 

29 

40 

5 

4 

10*5 

10 


W 

W 

50 

70 


25 

8 



50 


10 


W 

15 


Lilies. 


501 (!, ()t)77, 71165. 

bi, bj, bs, L, Di, Ds- _ _ _ , r-jif.o 

5016, bj, bj, bv bi, 5Ulr 1, ,'>2,64'8, yhOIi, .j.IKi b, 
5;-i6H-0, U , , D2, 6677, 7065. 

4-9-24T, bi, bn, ba, bi,5616’8, D,, D,, bh77. 

bi, bs, ba, L, 5316-K, D„ Da. 

bi, bg, ba, Di, Da. ^ "yie.!.! 

4924-1,5016, bi.bg, ba, L, y2i0-i), u'iib 2, f),61() 8, 
Di,D2,(U)77. 

4924*1, 5018*1), bi, bo, b^, b^, 5.‘U()*8, Di, Do, 
6677 

4924-L 5018 6, b,, b , ba, L, 52;i4-8, 5276-2, 
5284-2, 5Bll)-^i, 5366-0, Di, Da, 6677, 70()5. 

4924-1, 5018-6, In, bj, bj, In, .5316-8, Di, Dg. 

ba, ba, ba, bi, .5316-8, D,, Dg. 

bi, bo, ba, bi, 5B1()'8. 

4924-i, .5018-6, bi, ba, bj, b*, .5234-8 5.316-8, 
.5535-06, D,, D., 5991-6, 6469-4, 6484-2,6516-3, 
6677,7065. .. 

4924-1, ,5018-6, bi, b., ba, b,, ,5316-8, 55,35-06, 
Da, Da. 


The metallic prominences recorded a.bove were distributed in latitude as follows : 


I 

1° to lO'^ 

• 1 

11'- to -20° 1 

Mean latitude. 

Extreme 

latitudes. 

! 

North 

South 

.3 

5 

0 

c 

11*5 

5*0 

0 ® ; 

7 and 17 

1 and 10 i 


Ten Avere on the we,st limb and four on the east. 

Displacemantfi of the hydrogen Unen. 

l‘articular,s of th.e displacements observed in the chromosphere and prominences are given in the folloAving 


table 


Table III. 





Latitude. 



Displacement. 1 

Remarks. 



Hour 

IS.T. 



|Liiiib. 






Date. 


North.j 

South. 

Bed. j 

Violet. 

Both ways. 1 

1 

1921. 


n. M. 

0 

o 


A 


A 

A 




9 10 

9 47 

' 11 ! 
82-5 





2 


To red at top, to violet at base. 

July 

1 

2 


E 

E 

1 


1 



2 

9 23 

20 


E 

0*5 


1 




2 

9 23 

22 


E 



— 

- 


1-A 



26 


i 

1 

Tjntitude. 


Diftplacoraeiit. 


Date. ! 

rjnnr 
I.S.T. 1 

... ... ..... 


Limb. 

I 



Bemarks. 


P 

J7(»rth. f 

South. 


Bed. 1 

Violet. 

Both ways. 



n. M. 

o 

O 


A 

A 

A 


July i\ 

8 28 

40 


W 

Slight 





8 22 

54 




Sliglit 



<; 

10 26 

Pole 




1 



i\ 

9 50 


9 

E 

1 




() 

10 20 


4*6 

W 


2 



7 

ii as 


10 

W 


0*5 


At base. 

7 

9 16 


8 

W 

i 



At top. 

10 

H 52 

45 


W 

D-f) 



At base. 

12 

H 24 

Equator 

W 

Sliglit 




1.2 

8 20 


60*5 

W 


Slight 



2() 

8 55 

85 


W 


Slight 



August 4 

10 34 


8 

E 

1 




fi 

« 32 

40 


E 


Slight 



() 

8 57 


5 

W 


1 


At base. 

() 

8 56 


9 

W 

Sliglit 



Do. 

7 

8 82 


77-5 

W 

1 

Slight 


To reel at top, to violet at base. 

u 

8 46 

26 


E 

Sliglit 



At top. 

1) 

8 44 


7 

E 


Slight 



i) 

S 51 


82*5 

W 

Slight 




12 

9 8 

6 


W 


Slight 



18 

H 59 

a5 


E 


Sliglit 



18 

H 4(1 


41 

E 

1 




18 

9 28 

18*5 


W 

1 




14 

8 87 

42 5 


W 

1 



At top. 

K) 

9 0 

82-5 


w 

2 




18 

8 57 

57 


E 


1 


At base. 

11) 

8 49 


1 

W 

1 ^ 



At top. 

22 

10 as 

9 


w 

1 




28 

8 49 

84 


E 

Of) 



At base. 

28 

8 52 


12 

E 

Slight 




24 

9 15 

88 


E 

1 




24 

8 49 


66 

E 


Slight 



24 

9 85 


21 

W 

1 




24 

9 85 


24 

W 

0*5 




24 

9 17 


70'5 

W 

0*5 




25 

8 48 

77 


W 


1 



26 

9 26 

22 


E 

Slight 




21) 

9 24 


1 6 

E 

1*5 




21) 

9 16 


21 

W 


1*5 


At top. 

29 

9 6 

16 


W 

05 



At base. 

29 

8 58 

67 


w 


0*5 


Do. 

m 

9 24 


9*6 

E 

1 



At top. 

:40 

9 5 

18 


W 

2 

1 


To reSi at top, to violet at base. 

80 

9 2 

18 


W 


1*6 


At base. 

Sept. 8 

9 25 

82 


E 

1 



At top. 

4 

8 62 

22 


E 

Slight 



At base. 

4 

8 40 

18 


W 


0*6 


Do. 

5 

8 42 

1 


E 


0*5 


At top. 

5 

8 »6 


28 

E 


ffi 



10 

9 44 

64*5 


E 

0*5 




13 

8 85 

34*5 


W 


Slight 



16 

8 80 

82*5 


W 

Slight 




17 

9 86 

14'5 


E 



1 

At top. 

18 

8 50 

13 


E 

1 



Do. 

1 19 

8 36 

74*5 


E 


0*6 


' 

19 

8 49 


31*6 

W 

1 



' At top. 

19 

8 40 

73*5 


W 

Slight 




20 

8 59 

78*6 


E 

1 




20 

9 5 

15 


E 

1*6 




22 

8 42 

81*6 


W 


Slight 



28 

8 41 

83 


E 


Slight 



28 

8 4<) 

20 


W 



1 


26 

9 3 


5 

w 

1 




27 

9 10 

• 

53*6 

E 


1 


At base. 

27 

8 47 

21-5 


W 

0*5 



Do. 



27 





Latitude. 


Displaceuient. 


Date. 


Hour 



Limb. 



Remarks. 


I.S.T. 









!^orth. 

South. 


Eecl. 

Violet. 

Both ways. 




M. M. 

G 

o 


A 

A 

A 


Sept. 

bO 

it 20 

8 


W 

2 




October 

•V) 

b If) 

44’5 


W 

1 



At top. 

1 

10 (i 


2f) 

\Y 


1 



2 

8 55 

74 5 


E 


Slight 




1) 

8 20 

52-5 


E 

05 




U 

8 40 

57 5 


W 


Slight 




u 

8 52 

()7f) 


W 


0-5 




15 

b 5)1 


14 

E 


1 


At top. 


15 

b 54 


20 

W 

1 



Do. 


If) 

8 50 

45 


AV 

1 

, 


Do. 


17 

8 55 


20 

E 


Slight 


Do. 


17 

8 54 

04’5 


AV 


1 


Do. 


17 

8 52 

f)9 


AY 

Slight 





IH 

8 59 


25 

AY 

Slight 





lU 

8 45 


505 

E 

2 5 





lb 

8 5b 


01 5 

E 

2 




Nov. 

2 

11 15 

005 


E 

1 

0’5 




2 

10 55 

24 


AY 


1 


At top. 


fl 

b 40 


85-5 

E 

0*5 




7 

10 21 

25*5 


AY 

1 



At base. 


10 

8 45 


55 

E 


Slight 




1 1 

8 20 

0 

4«5 

E 

Slight 

1 


Over upper part. 


11 

8 •>;{ 


E 




11 

8 20 


52 

E 


Slight 




12 

b 54 

7 


E 

1 





12 

1) 2(1 

() 


E 

1 



At base. 


12 

b 15 


72 

E 

05 





15 

8 50 

15 


E 

1-5 



At base. 


15 

8 24 


10 

E 


1 


At top. 


14 

8 54 


52 

E 

D-5 



At base. 


14 

b 2b 

b 


AY 


Slight 


'At top. 


14 

b 5‘) 

72-5 


AY 

2 



15 

8 25 

75-5 


E 


Slight 




15 

8 28 

59 


AY 


Slight ! 



If) 

8 45 


40*5 

E 


1 



17 

■ 8 55 

(U 


E 


L5 


1 At top. 


17 

8 40 


55 

E 

0*5 


Do 


17 

8 28 


2*5 

AY 



Slight 



lb 

8 42 


<) 

E 

Slight 





lb 

21 

8 58 
10 10 

47 

50 

J^’( 

;e 

Slight 

Slight 




22 

8 55 


5 

AY 


Slight 



25 

10 2b 

52 


E 


Slight 

At top. 


25 

8 55 


05 

E 

1 



At top. 


25 

10 40 

40 


AY 

1 




24 

b 57 

Ob 


AY 


1 

1 At base. 


25 

10 14 

7- . 


W 

5 


i i\t top ; only 1 A at 9li 54ui. 


27 

b 10 

4 


E 

1 



1 No prominence. 

i 


28 

b 6 

15 


E 

0*5 




29 

8 55 

47 


E 


Slight 


To red at top, to violet at base. 


50 

8 50 

5-5 


AY 

1 

0-5 



50 

8 48 

0 


AY 

1 





50 

8 46 

35 


AY 

0*5 

t 


At top. 


50 

8 42 

77 


AY 

0’5 

1 



Dec. 

1 

8 50 

78 


E 


Slight 




1 

8 50 

4 

AY 

5 

1 2 


To red at top, to violet at base. Dh 







1 

was displaced 2 A to violet at base. 
D^ and D^ were displaced 1 A to 












violet at base. 


1 

8 55 


12 

AY 


^ 1 


At top. 


2 

8 40 


34 

AY 


Slight 




2 

8 35 

0*5 

AY 

Slight 

Slight 

S 

To red at north end, to violet at 


2 

8 22 

85 


AY 

Slight 


south end. 


5 

8 41 

49 


E 


Slight 




5 

8 54 


59 

E 

Slight 





5 

8 55 


85 

AY 

Slight 


At top. 


5 

8 50 


59 

AY 


Slight 
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Date. 


1921. 

December 


I) 

1) 

7 

7 

7 

10 

10 

10 

10 

11 

11 

12 

12 

12 

12 

la 

13 

13 

14 
14 
16 
16 
16 
It) 

19 

20 
21 
21 


22 

22 


23 

23 

23 

25 

26 
26 
26 


Time 

Latitude. 

Limb. 

LS.T. 

North. 

South. 

H. M. 

8 30 


o 

16 

W 

8 25 

83 


W 

9 

6 


18 

E 

' 0 

2 


32 

E 

9 0 


41 

E 

10 13 

21-5 


E 

U 45 


67 

E 

10 26 


41 

W 

10 37 

43 


W 

8 28 


28-5 

w 

8 25 

50 


w 

8 42 


13 

E 

8 38 


4(5 


8 56 

18 


W 

8 50 

70 


W 

H 48 


63 

E 

8 36 


32 

W 

8 30 

73 


W 

a 51 


8 

E 

y 35 


61 

E 

8 46 

76 


E 

1 !) 

7 

36 


E 

8 44 

56 


W 

H 68 

28 


E 

8 60 

62 


W 

8 55 


64 

E 

10 34 

5 


W 

10 

0 

10*5 


W 

8 34 

74 


E 

8 40 

9 


W 

8 53 


4 

W 

8 60 

10 


W 

8 41 

67f) 


W 

9 54 

69 


R 

10 

0 


56 

W 

8 41 

19 


W 

8 38 

3(5 


W 


Displacement. 


Red, 


1-5 

1 


1 

(J'5 


Slight 

1 

2 

Slight 


Slight 

3 


Violet. 


A 

Slight 


Slight 

1 

Slight 

1 

Of) 

Slight 

0-5 

Slight 

*2 

Slight 

Slight 

2 

2 


o-n 

4 


1 

Slight 

Slight 

Of) 

Slight 

Of) 


Both ways. 


Slight 


Sliglit 


0*6 


Remarks. 


At base. 
Do. 


At top. 
Do. 


No proiinnonoe. 

Sy inni etrical ly wide i led. 

At base. 

To red to violet at top. 

No pro 
Afc hast 


No prominence. 
i)ase. 


At base. 

At top. At loll 11m the displace- 
ment was 1 A to rod aaid 2 A to 
violet. 

Da was displncod 0 A to red and C.‘ 
was displaced 0 A to violet at 
4r)in. 


No prominence. 


The total number of displacements was 180» which is only (50 per cent of the nuinbei* obHerved iu the tirnt 
half-year. One of them was on the equator, and the rest were distributed as follows : — 


Latitude' 

North 

Sonth 

1°— 30° 

48 

30 

31°— (i0° 


23 

6I°_90° 

31 

12 

Total .. 

108 

71 


East limb 
West limb 
Pole . . . 


iS(5 

1 


Total 


180 



Million,tks o/the Silti’s Visible Hemisph 
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■ Kig‘lity-six disi:)lacemeiits were towards the i'ed, 87 towards the violet and 7 l)oth ways simultaneonsly. 

and displacements on the disc. 

One hundred and twelve bright reversals of the Hrt line, dark reversals of the Da line and ol 
displacements of the Ha line were recorded during the half-year. Their distribution is shown below . 



North 

South 

East 

West 

Bright reversals of , -Ha 

()8 

44 

59 

53 

Dark reversals of D;:; 

;i4 

9 

2() 

17 

Displacements of Hr/- 

37 

20 

25 

32 


Of the displacements, forty-one were towards the rat, thirteen towards the violet and three both ways 
siniultaneously. 

P)'{)i)iiuenees proj evted on the d/isc as absoiptuyn yuarlivnas. 

Photographs of the Siin’s disc in H« light were obtained on 13(i days counted as 107 effective days. The 
mean daily areas in millionths of the Sun’s visible hemisplnre, corrected for foreshortening, and the mean 
daily numbers are given below : 

Areas Numbers 

1328 12T) 

North 

1042 0 1; 

Hoiith 


There is a lai-e reduction both of areas and numbers compared with the previous half-year. In the case 
of areas the decrease amounts to more than C.O per cent in the southern hemisplnre and only 10 per cent in 
the northern. There results a in-epondt ranee of activity m the northern hemisphere. 

The distribution of the mean daily areas in latitude is shown in the following diagram ; 
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Tlie activity is coufiiietl to the region between the equator and latitude (iO® noi'tli and south. ■ The reduc- 
tion of area in the southern hemisphere is much more marke<]. than in the case of . prominences at the limln 
The activity in tlris hemisphere is now more uniform in all the zones with the nuiximum at .50° ;55°. In 

the northern hemisphei'e; the maximum activity occurs at 40* — 4.5° as in the case of prominences attlielimb- 
The Hw/ absorption markiuKS have now revei ted to an eastern excess, the percentage east being .54*40 in the 
case of areas and .52*4.5 in the case of numlx rs. 

The 0B.SBRVATOKY, Kodaikanal, J. EVERSHED, 

31si Jcmtini'n 11)22. Director, Kodui/innalnnd Mueiras Olmrvatorim. 


PniCE. 8 awiM. 


ITADnAS; PRINTICD 15Y THE SUPEUINTK2CDENT, OOVEH^JMENT PIIES»— JBUli. 



Itotiatlianal #figtri)ator8. 


BULLETIN No. LXX. 


SUMMAKY OP PEOMINENCE OBSEEYATIONS FOE THE FIEST HALF 

OF THE YEAE 1922. 


The distribution of prominences observed and photographed during the half-year ending 30th June, 1922, 
is represented in the following diagram, in which the full line gives the mean daily areas and the broken line 
the mean daily numbers for each .one of 5° of latitude. The ordinates represent tenths of a square minute of 
arc for the full line and numbers for the broken line. The means are corrected for incomplete or imperf ec 
observations, the total of 161 days being reduced to 153 effective days. 
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The curve shows maxima in the belt 45°-50‘’ in both hemispheres and is very similar to tliat for the 


pre^ous ^ * t i 

The mea^ daily areas and numbers corrected for imperfect observations are t?iven bol()^v : 


Mean daily 
areas (square 
minutes). 


Moan daily 
numbers. 


North 

South 


1*90 ()’ir> 

1‘27 4‘9() 


Total 


iror> 


Compared with the previous half-year, both areas and numbers have decreased by about dO per cent in 
the southern hemisphere ; in the northern hemisphere areas show a slight increase anti nuiii])ers a sligflit 
decrease. On the whole there is a decrease of 11 per cent in areas and of 18 per cent in numbers. 1 roiiiinenco 
^activity is now more pronounced in the northern hemisphere, in which the mean daily areas arc 50 i)er cent 
the mean daily numbers about 25 per cent more than in the southern. The northoini prominences were 
:also slightly brighter than tlie southern. 

The monthly, quarterly and half-yearly areas and numbers, and the mean height and mean extent of the 
prominences are given in table I. The nnit of area is 1 square minute of iirc. 


Table I. — Abstract for thb first half of 1922. 


Mouths. 

Number 
of days 
(effective). 

Areas. 

Numbers. 

Daily Means. , 

Mean 

height. 

Mean 

extent. 

Areas, 

Numbers. 







it 

o 

Jauuary 

28 

83-8 

334 

2*99 

11*9 

27'H 

2-98 

Februaiy 

22 

70-4 

256 

3*21 

11*0 

33*1 

3*55 

March 

31 

107'0 

367 

3'4B 

ll'H 

34*0 

3*95 

April 

27 

99'3 

297 

3*68 

10*0 

36*7 

4*87 

May 

23 

70*6 

236 

3*07 

10*3 

33*8 

4*08 

June 

22 

64-2 

201 

2*46 i 

9*1 

3ry8 

4*09 

First quarter 

81 

261*2 

!)fi7 

3*22 

11*8 

31*6 

3*50 

Second quarter 

72 

224*1 

734 

3*11 

to-a 

35*8 

4*41 

First half-year 

163 

485*3 

1691 

3*17 

11*1 

33*4 

3*90 


DisiHhution emt and iveat of the Siin*^ aHn, 

Areas show an excess in the western hemisphere, but in the case of numbers there is a slight eastern 
preponderance as shown below 


1922 Januaiy to June. 

East. 

West. 

Percentage east. 


Total number observed ' 

857 1 

834 

r)()-7 


Total areas in square minutes 

234-0 

251*3 

48-2 



The average brightness of a prominence was the same on the east limb as on the west. 
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; Metallic prominences. ■ ■ ' . • ' 

The activity of prominences showing metallic lines wliicli was noticed in December 1921 was well 
maintained during the first three months of the period under review* During the half-.year 34 metallic 
prominences were seen. Details of these are given in the following table : — 


Table II —List of metallic pbominences observed at Kodaikanal, January to June 1922. 


Date. 


1922 

January 


February 


March 


April 

May 

June 



Hour. 

LS.T. 

Base 

Latitude. 

Limb. 

Height. 

Lin<"s, 

North. 

South. 


H. M. 

a 

o 

o 


// 


4 

9 12 


9 


E 

55 , 

4924-1, 501S'6, bi, b^, b^, bj, 5316-8, Dj, D.„. 








6677, 7065. 

5 

8 40 

5 

10-5 


E 

40 

4924-1, bi, b,, bg, b4,' 5234-8, 5316-8, D^, D„, 








7065. 

() 

8 54 

3 

7-5 


E 

15 

4924-1, 6018-6, b„ b., bg, b4, 5316-8 Di, D„, 








7065 

8 

8 65 


21 


E 

30 

bi, b„, bg, b^t, 6316 8, Dj, D... 

17 

9 3 

1 

5-5 


W 

10 

4924‘i, b, bg, bj, b^, oUlriS, D^, D.,, 6677, 








7065. 

B1 

9 5 

3 

9*5 


E 

20 

bi, bo, bg, b^, 5316*8. 

1 

8 58 


18*5 


E 

165 

bi, b„, bs, b., .5316-8, Di, D... 

15 

9 33 


lU) 


W 

70 

4921-9, 4924-1, 6016, 5018-6', b., b„, bj, b^, 








6197-7, 5-234-8, 5276-4, 5276-2, 5-284'-3, 6316-8, 








5363-0, Di, Do, 6677, 7065. 

1‘) 

9 50 



1 

W 

30 

4924-1, 5016, 5(518-0, b,, b^, b^, bi, 6-276-2, 





1 


5284 3, 5316-8, 6677, 7065. 

20 

8 


7S)-5 


E 

15 

49241, 5018-6, bi, bo, b„ b^, 5276-2, 5316*8, 








Di, Do. 

20 

8 45 


G‘5 


E 

5t) 

4924 1, 6016, 5018-6, b^. b., b„ b*, ,5,316-8, D,,. 








Do, 6677 

27 

9 2 

1 

14*5 , 


E 

10 

bi, bo, bg, b^, 5316*8, D^, Do* 

28 

8 53 

8 

17 


E 

80 

b,, bo, bg, bit, 5316*8, Di, Da, 6677, 7065. 

28 

8 55 

4 


10 

E 

20 

bi, bs, bs, b^, 5316-8 Dx, Do, 6677, 7065. 

1 

’ 9 19 


23‘5 


E 

65 

bi, bo, bg, b^, 5316'8, Di, Do. 

(> 

10 8 

5 

14-5 


E '■ 

30 

4922-'3, 49-24-1, 5016, 5018-6, bi, b„, b,, b^, 522-2-1, 








52,34-8,5270-6, 6273-4, 6276 -2, 5316-8, Dj, D,„ 








6677, 7065. 

8. 

9 14 


12 


W 

55 

4922-3, 4924-1, 5016, 5018-6, 5048-2, bi, b„, ba. 








bi, 5197-7, 6234-8, 5276-2, 6284-3, 5,3'16-8, 








5363-0, 5425-4, 5535-1, Di, D^, 6677, 7065. 

9 

9 4 

() 

12 


w 

40 

4924-1,5016, 5018-6, b,, b^, b^, b^. 5316-8, Di, Dj. 

10 

8 45 

. 4 

12 


w 

35 

4922-3, 4924-1, bi, ba, bs, b 4 , 5234-8, 5316-8, D,, 








Dj, 6677,7066. 

14 

8 30 

2 

23*5 


w 

45 

4924-1,6016, 6018-6, bi, bs, bg.bi, ,5316-8,0,, 








Os, 6677, 7066. 

18 

8 22 


3 


w 

25 

4924-1-, 5018-6, bi, bs, bs, b^., 5234-8, 5316-8, 








6536-1, D„ Os, 6677. 

19 

0 6 

5 


5'5 

w 

25 

4924-1, 5016,5018-6, bi, bs, bg, bj, 5316-8, Di, Dj, 








6677, 7085. 

19 

8 52 

2 

11 


w 

10 

5016, bi, bs, bg, b*, 5316-8, Di, Os, 6677. 

20 

8 42 

1 


32 

w 

20 

4924-1, 5016, bi, bs, bs, b*, 6316-8, Oi, Og. 

20 

8 56 


8 


w 

15 

4924-1, 5016, 5018-6, b„ bs, bg, b^, 5234-8, 5316-8, 








6363-0, Oi, Os, 6677, 7066, 

23 

9 11 


9-5 


E 

80 

bs, b„ bs, bi, 5316-8, Oi, Os, 6677, 7066. 

24 

9 30 

11 

165 


E 

25 

4924-1, 6016, bs, bs. bs, b^, 5234-8, 5316-8, 5363-0, 

Os, Os. 

27 

9 20 

3 

9-5 


E 

15 

49-24-1, 6016, 5018-6, bs, bs, b,, bs,, 5316-8, 0„ 







70 

Do, 6677, 7066. 

28 

9 45 


26 


E 


49-24-1, 5016, 5018-6, b^, bs, bg, bt, 6316-8, 








6363-0, Os, Os. 

31 

9 5 


11 


E 

15 

4924-1, 5016, 5018-6, bs , b., bs, b*, 5204-7, ,5-208-6, 








5227-2, 5234-8, 5269-7, 5276-2, 5283-8, 5316-8, 








5.363-0. Di, Os, 6677, 7065. 

3 

9 3 


24 


E 

45 

bi, bs, bg, bi, Dj, Os. 

7 

9 5 

3 

8'5 


E 

40 

bi.bs, ba,b4, 6316-8, Dj, D„. 

20 

8 36 

5 

8*5 


E 

25 

bi.bo.bs, b„ 5316-8 D,, D'„. 

15 

8 40 

3 

5 


E 

35 

bs, bl, bs, bi, 5316-8, Di, D'„. 


1-A 
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The distribution m latitude of the metallic prominences s as follows 


— 

1 t 10 

11 t 20 

21 to 30 

31 t 40“ 

71 t 80 

M 

1 tt d 

Extr m 

1 titud 

K rth 

S th 

12 

3 

12 

6 

1 

1 

15 0 

121 

3 d 796 

1 nd32 


Twenty two were on the east limb and 12 on the west 

Displacemmts oftJie hydrogen lines 

Particulang of the displacements observed m the chromosphere and promincncts are given in the following 
table — 

Table III 


L tt d 


N rth S uth 


D pi m t 

V 1 t B th w ys 


Biomarks 


1922 

J uaiy 


Alt i 
D 

At bos 
D 

Att p 
At bas 

Att p 
Do 


At ba 0 
At baa 

T ed at top to v oletat base 
At t p 


At I a 0 
At t p 

At ba 
At top 


At t p 
D 


Att p 
D 

At b fl 
At top 

Tx ^ p to V olet t b 0 
At base A to ed whol he ttht 
atllh 45 

0 wh 1 promin ce 
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Date. 


Hour 

IS.T. 


Latitude. 


IlSToi'th.^South, 
I 


Limb. 


Displacement. 


Bed. 


Violet. 


1922. 

H. M. 

0 

0 


A 

A 

February 

9 46 

20 


E 

1'5 


1 

8 58 

15 


E 

4 


1 

9 8 

14 


E 

2 


1 

9 8 

6 


E 


1 

1 

8 50 


31 

E ‘ 

2 


1 

8 45 


82 

E 

1 


. 1 

10 3 

70 


W 

2 


4 

11 15 

15 


E 


1 

4 

11 3 


79-5 

W 

1 


4 

11 29 

39-5 


W 

0*5 


G 

8 40 

75 


E 

1 


G 

8 44 

41*5 


E 


1 

n 

i 

9 15 


56-5 

E 

1-5 


8 

9 41 

47*5 


E 


1 

8 

9 28 

14 


E 

0-5 


8 

9 9 


50*5 

E 

Slight 


8 

9 62 


18 

W 

2 


11 

9 55 

71 


E 

1 


11 

9 23 


9 

E 

1 


12 

8 48 

33*5 


E 

Slight 


12 

8 3G 

41-5 


W 


3 

15 

‘9 7 

54‘5 


E 

1-5 


15 

9 33 

9-5 


W 

1 


15 

9 33 

13 


W 

2*5 

2 

18 

9 16 


39 

E 

1 


19 

9 19 

69 


E 

1 


19 

9 13 

35 


E 

1 


19 

9 50 


2 

W 

2 

2 

19 

9 50 

Equator 

W 

1 

1 

20 

8 31 

71*5 


E 


Slight 

21 

8 39 


61 

E 


Slight 

21 

8 40 


70 

E 

0*6 


22 

8 58 , 


2’5 

E 

2 


28 

8 54 

6-5 


E 


d‘5 

24 

9 0- 


3'5 

W 

1*5 


26 ! 

8 45 

8-5 


E 


0*5 

26 

8 34 

51-5 


W 


0‘5 

28 

8 53 

12 


E 

1-5 


28 

8 44 


22 

W 

1 


.March 1 

9 53 

06 


E 

0-5 


2 

9 26 

6 


E 


1 

2 

9 13 

48 


W 

1 


8 

8 42 

4.6*5 


E 


Slight 


8 36 


8 

W 

Slight 


4 

9 15 

62 


E 


1 

4 

8 58 


1 

E 

1 


G 

10 8 

14*5 


E 

1-5 

2 

7 

8 35 


38'5 

E 

0-5 


8 

9 14 

9 


W 

6 

3 

9 

9 22 


2 

W 


1*5 

10 

8 45 

12 


W 


0*5 

11 

9 21 

57 


E 


1 

11 

9 27 

22 


W 

Slight 


12 

8 55 

51*5 


E 


0*5 

12 

9 10 

15-5 


W 


1 

12 

9 10 

iO 


w 

1 


1,8 

10 12 

1 


E 

1 


13 

9 15 

13 


W 


1 

14 

8 32 

80 


W 


Slight 

15 

9 14 

9 


W 

1 


15 

9 26 

70 


W 

2 


IG 

8 57 

78'5 


E 

1 


16 

9 21 

4 


E 


1 

16 

9 1 

47 


W 

1 


17 

8 30 

53-5 


W 

3 


18 

8 32 


60 

E 

1 


18 

8 22 

Equator 

W 


Slight 

19 

9 27 


74*5 

W 


0*5 


Both ways. 


Remarks. 


At base. 
Do. 


At base. 

At top. 
Do. 


At top. 


Over whole height. 

At base. 

At top. 


Over whole prominence. 
At top. 

At base. 

Do. 


At base. 


At base. 


At top. 

At top. 
At top. 
At base. 

At base. 

At top. 
Do. 

At base. 

■Do. 
At top. 

At base. 

At top . 

At top. 

Do. 

Do 

At base. 
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Date. 

Hour 

LS.T. 

. Latitude. 

Limb. 

. Displacement.- 

Remarks. 

North. 

South. 

Red. 

1 Violet., 

Both ways. 

1922. 

H. M. 

Q 

O 


A 

A 

A 


May 30 

8 49 

39 


E 

Slight 




31 

1) 30 

46 


W 

1 



At base. 

31 

10 30 

49 


W 

2 



At top. 

June 2 

8 34 


31 

E 

Slight 




2 

8 30 

10 


W 

Slight 




3 

9 30 

75 


E 


Slight 



{) 

8 23 


27 

W 


Slight 



G 

8 18 

53 


W 


1 


At base. 

14 

8 49 


6 

E 


Slight 


At top. 

15 

8 36 


70 

E 

. Slight 




15 

8 45 


52 

W 


1*5 



16 

9 40 


80 

E 

2 




19 

8 49 


36 

E 


1 


At top. 

23 

8 26 

67 


E 


Slight 



23 

8 39 


3 

W 


Slight 




The total number of displacements was 213, of which 3 were on the equator and the rest were distributed 
as follows ; — 


Latitude. 

North. 

South. 

1°— 30° 

66 

34 

31°— 60° 

47 

19 

Gl°_90° 

30 

14 

Total .. 

143 

67 


East limb ... ••• ... ... 126 

West limb ... ... ... ... ... ... 86 

Pole ... ... ... 1 

Total ... 213 


One hundred and seventeen displacements were towards the red, 94 towards the violet and 2 both ways : 
simultaneously. 

RoAmrsals and displacmnmts on the disc. ' 

One hxindred and eighteen bright reversals of the 'Kct line, 37 dark revei’sals of the Ds line and 42 
displacements of the Ha line on the disc were observed during the half-year. Their distribution is given 


below 

Bright reversals of Ha 
Dark reversals of D^ 
Displacements of Ha 


North. 

South, 

East. 

West. 

77 

41 

64 

54 

21 

16 

22 

15 

28 

14 

28 

14 


Of the displacements, 30 were towards the red, 10 towards the violet and 2 both ways simultaneously. 


ProrwinencGS projected on the disc as aJjsorption markings. 

Photographs of the SuiTs disc in Ha light were obtained on 98 days counted as 81 effective days. The 
reduction in the number of days of observation is due to the Ha spectroheliograph having been taken down 
for improvement during part of January and the whole of February. The mean daily areas in millionths of the 
Sun’s visible hemisphere, corrected for foreshortening, and the mean daily numbers are given below^ — 


North 

South 


Total 


Areas. 

1824 

7(58 

2592 


Numbers. 

13-5 

7-6 

211 


Jt^iU/iont^ cf tke Suns \Asi^ HeTn,i§f>h 
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Compared -with the second half of 1921, there is an increase of 9 per cent in daily areas and a decrease of 
5 per cent in daily numbers. The preponderance in activity in the ncj)rthern hemisphere has nowj increased to 

70 per cent of • the‘tokl for areas an'd^'to Gi “per dent for numbers. j | . ! i- 

The distribution of mean daily areas in latitude is shown in the following diagram; — 



quator in both hemispheres. Although there is a decrease in the activity beyond 50° in the southern hemis- 
phere, there is some activity between 70® and 80® in that hemisphere. 

There is again a preponderance on the eastern side of the central meridian, amounting to 58'10 per cent 
of the total for areas and 53*41 per cent for numbers. 

Thb Obsbrvatobt, Kodaikanal, T. ROTDS, 

5th August 1922, Assistant Director,. 


MADKA-S: PBINTED BY THB SaPEEINTENDBNT. GOVERNMENT PBBSS— 1922, 
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BULLETIN No. LXXI. 


SUMMAEY OF PEOMINENCE OBSEEVATIOES FOE THE SECOND HALF 

OF THE YEAE 1932. 


Tlie distribution of prominences observed and photographed during the half-year ending 31&t Decenaber 
11)22 is represented in the following diagram, in which the full line gives the mean daily areas and the 
broktm line the mean daily numbers for each zone of 5° of latitude. The ordinates represent tenths of a square 
minute of are for the full line and numbers for the broken line. The means are corrected for incomplete or 
imperfect oliservations, the total of 138 days being reduced to 123 effective clays. 
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In the northern hemisphere the activity is less than during the first half of the year in all latitudes below 
50°, but from 50° — (>0° the activity is greater resulting in an advance of the zone of maximum activity of 2-2° 
towards the pole: In the southern hemisphere the changes are almost coniplementary, there being generally 
an increase in lower latitudes and a decrease from 50° to 60°, the zone of maximum activity having receded 
5° towards the equator. 

The mean daily areas and numbers corrected for imperfect observations are given below : — 


North 

South 


Mean daily 
areas y^square 
ipinutea),. 

1*58 

170 


Mean daily 
immbera. 

504 

5*31 


Total ... 3*28 10*35 


Areas show a slight increase and numbers a slight decrease on the first half-year. The northern 
hemisphere has suffered a decrease of about 18 per cent in both areas and numbers whilst the southeim shows 
an increase of 34- per cent m^areas^ and 8 per cent in numbers. - This has resulted in the northern preponder- 
ance of the, first half-year being, chafed- into a slight southern preponderance. The northern prominences 
were, however, slightly brighter than the southern. 

The monthly, quarterly aijd halfTyqarly areas, and numbers, and the .mean height and mean extent of the 
prominences are given in table I. The unit of area is 1 square minute of arc. The mean height in this and 
previous bulletins is derived by adding together the greatest^ heights reached by individual prominences and 
dividing by the, total number of prominendds labserved; the mean extent is derived by adding together the 
lengths of the base on the chromosphere of individual- prominences and dividing by the total number of 
prominences observed. 


Table L— Abstract for the second half of 1922’. 


Mpntha. 

7^ :: 

Number 
^)f days 
(effective). 
.1 

Ai^eiia. 

Numbers. 

Daily Means. 

Mean 

height. 

Mean 

extent. 

Areas. 

Numbers. 

July 

^ J'i 

'l4i- 

42*6 

143 

2-93 

9*9 

n 

34*6 

o 

4*15 

j ■ 1 • 

August 

22 

49*6 

173 

2*25 

7*9 

M'l 

4*22 

September 

h 

64-9 

205 

2*96 

9*3 

'36-7 

4*23 

October 

19i 

60-0 

140 

2*56 

7*2 

38'7 

3*80 

November 

16 

69*9 

166 

3*74 

9*7 

36*4 

4T5 

Decsember 

' 29 ‘ 

’ 137*2 ^ 

■ ' ’ 46V 

4*74’ " 

15*8 ' 

' Hl’8' ' 

3*68 

Third quarter 

D 


B 

2*68 

8*9 



' - Fourth quarter ' 

L‘-' 

64i 

247-1 

752 

3*83 

11*7 

1 . 

34*6 

3*7*4 

Second half-year 

123 

mv 

B 

3*28 

m 

34*4 

3*93 







41 


Distribution east mid west of the Sun's axis. 

Areas show an excess in. the eastern hemisphere, but in the case of numbers there is a western 
preponderance as shown below — 


1922 July to December. 

East. 

West. 

Percentage east. 

Total number observed ' • 

G18 

(:)55 

48*6 

Total ai oas in square minutes 

i 

1 

i 

196*4 

ol*4 


The average brightness of a prominence was the same on the east limb as on the west. 


Metallic prominences. 

Metallic prominences were scarce during the half-year only se^^en being recorded, of which four were 
observed ill the month of December. Details of these prominences are- given in the following table : — 


Table op metallic prominences observed at KC)daikanal, July to December 1922. 


Dale. 

Hour. 

Base 

Latitude. * 

' Limb. 

Height, 

Lin^s. 

LST. 

North. 

, South. 

1922 


n. 

M. 

0 

i 

o 

o 


tf 


July 

15 

10 

27 

1 

17*5 


W 

10 

bi, bo, ba, bi, Di, Dg. 

October 

22 

8 

40 

' 


7 ■ 

w ' 

120 : 

4924-1, 5016, 5018*6, bi, b^, bg, b*, 5234*8, 

. ' 5316*8, 5328*2, 5363*0, Di, D., 6677. 

November 

18 

8 

18 

' 8 ^ 


12 

w 

20 

bi, ba, bg, b4, Di, Da. 

December 

2 

11 

22 



15 

E 

to 

bi, bo, by, bi, Di. Da. 


22 

8 

56 

5 

6 


E 

20 

bi, ba, bs, b„ 5316-8, Di, Da, 6677, 7065. 


24 

9 

15 

26 

15 


' ^ 

60 

bj, b., by, bi, 5316 8, Dj, Da. 

■ 

25 

9 

5 

3 


4'5 

E 

25 

bi, bo, by, b^, 5316*8, D^, Da. 


The distribution in latitude of the metallic prominences was as follows : — 



■ 

1° to 10° 

11° to 20° 

Mean 

latitude. 

Extreme 

latitudes. 







o o 



North 

1 

2 

12*8 

6 and 17*5 



South ... 

. , 2 

^ 2 , 

9-6 

4 "5 and 15 



Four were on the east limb and three on the west. 


9 
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Particulars of the displacements 


Displacements of tlie hydrogen hties. 

observed in thi' chromosphere and prominences are given in the following 


table : — 


Table hi.— D isPLAOEMBNia op Hydrogen lines. 





Latitude. 


Displacement. 




Time 

I.S.T. 

' I 



Limb. 


; - 

RemarkH, 

Date. 


'Torth. 

3oufcb. 

Red. 

Violet. 1 

Both ways. 









A 

A. 

A. 


1922 

July 

3 

4 

5 

H. M. 

8 39 

9 11 

11 40 

0 

33-5 

o 

15 

70‘5 

W 

E 

W 

1 

1 

Slight 


At top 

At top. 


25 

8 37 


28-S 

W 

Slight 





26 

10 20 

21 


E 

0*5 

Slight 




28 

8 38 


17 

W 





29 

8 35 


42-5 

E 

Slight . 

2 




29 

10 31 


3 

W 





31 

31 

•8 32 

8 30 

78'5 

71' 


E 

E 

0’5 

’ Slight 


At base. 

Angust 

4 

7 

8 26 

8 5 

75'5 

43-5 

E 

W 

Slight 

Slight 


At top. 


8 

8 32 


83 

E 

Slight 





9 

8 55 

21 ' 

’ ; ■ 

E 

3 



At top. 


9 

8 29 

28 ' - 


W 

Slight 

1 



12 

9 10 


38, 

W 


Do 


13 

9 1 


•45-5' 

W 

0-5 ; 



Do. 


13 

a 55 

7 


W 

Slight 

' ty- 




14 

8 41 

81-6 


E 

0‘6 

•Slight 




14 

8 50 

41-5 


E 



At top. 


16 

9 31 


15 

W 

1 

• Slight 



21 

8 35 

73-5 


W 




22 

8 41 

15 


E 

Slight ^ 

. - ■ } 

, <V5 


i ■’ ' 


25 

8 31 


19 

E 




26 

9 14 


31-6 

; E 


’■'Slight . 


At buRe, 


26 

9 46 

30 


W 


4 


September. 

1 

8 22 

9 


w 


Slight 


At top. 

5 

10 10 


27;5, 

w 


Slight 

1 : 



6 

- 8 22 


13-5 

E • 

2 



At base. 


10 

' 8 ‘ 40 

’32 ■ 


E 


Of) 

. ■ ' 

Do. 


10 

8 42 

16 


E 

2 


, 1 * 

Ho. 


10 

' 8 32 


;7o’ 

W 

1 5 



Do. 


11 

8 51 

17 

W' 

Slight 





16 

8 46 


56-6 

E 

1 


At top. 


18 

8 39 

33'5 


W 

V5 



Do. 


18 

8 37 

79'5 


w 

0-5 





19 

8 20 

51-5 


w 

1 

‘2 




20 

8 51 


69 

w 


1 




26 

8 24 

30 


E 

1 



At bafle. 

October- 

3 

10 (L. 

.8a.... 



„ _L., 




5 

8 55 

37-5 


" E 

Slight 





5 

! 8 49 


49 

w 

0*5 





7 

1 8 58 

. ■ 

12 

w 

Slight 

„;.J . - 





9 

19 2 

50 


w 

0*5 , 


At buHO. , 


10 

|. 8 44 


19 

E 

i 




10 



..79, .. 

E 


Slight 




13 

1 8 48 

64-6 


E 


Slight 




18 

9 0 


77'3 

E 


0’5 


At bane. 


20 

i 9 17 

.74 


E 

v, 




22 

22 

8 . 40 


5 

|W 

2 





8 40 


7 


1 




31 

10 40 


39 

^E 

'2'' • 


i 


"November 

6 

8 38 

3-5 


w 

2 





13 

8 41 


61 

:W 


0*6 




13 

' 8 28 



W 

1 




14 

9 30 


43 

W 

0*5 



At top, 


• 18 

8 10 

-42 : 


W 


Slight 



19 

8 33 



17 

w 

1 
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Date. 

Time 

I.S.T. 

Latitude. 

Limb. 

Displacement. 

Remarks, 

North. 

Ho nth. 

Red. 

Violet. 

1 Both ways. 






A. 

A. 

A 


1922 

H. M, 


o 






November 20 

H 57 ' 

48 


E 


1 


At base 

20 

8 46 


56 

W 

0*5 




20 

8 43 


24*5 

W 

1*5 




21 

8 44 

68 


W 

0*5 




22 

9 14 

86-5 


E 

2 



At top. 

22 

8 54 

78 


E 


1 


Do 

22 

8 43 


56 

E 

0-5 



At base. 

24 

8 44 

43 


W 


Slight 


Do 

24 

8 42 

60 5 


W 

Slight 



At top 

December 2 

11 22 


15 

E 

0 5 




7 

9 U 


20 

E 

1 



At base, 

7 

9 2 

50 


W 

1 




8 

8 50 

4 


W 

2 



At top. 

8 

8 46 

49 


w 

1 



Do. 

■ 8 

8 46 

47 


w 

0*5 




8 

8 32 

81 


w 


l)-5 


At base. 

11 

9 8 

7 


E 


Slight 


At top. 

11 

9 0 


85 

E 

0-5 




11 

8 44 


12 

W 

1 




11 

8 42 


1 

W 


Slight , 



12 

9 2 ^ 

62 1 


E 

0*5 



In chromosphere 

12 

9 2 1 

61 


E 


1 


Do. 

12 

9 22 

59 


W 

0-5 




la 

9 11 


12 

w 


3 


At base. 

14 

8 38 

64 ' 


E 


Slight ‘ 


Do, 

14 

8 35 

59 


E 

Slight 




14 

8 40 

78 


W 


, Slight 



15 

8 25 

49*5 


w 


Slight 



17 

8 51 


27*5 

w 

1 




17 

8 46 

56 


w 


Slight 


At base. 

17 

8 45 

80 


w 

Slight 



. 

19 

8 30 


34 

w 


Slight 


.1 

20 

8 54 


30 

E 

0*5 ' 




21 

9 6 

20 


E 

1 



At base. i 

21 

. 8 46 

54 


W 

1' 




23 

8 54 

79 


E 


Slight 


At base. 

23 

9 7 

16 


E 

1 

3 


To red at base ; to violet at top. 

24 

8 56 

6*5 


E 

3 



, At base 

26 

9 5 


4*5 

E 

1*5 

. 0-5 


To red at base j to violet at top. 

2() 

9 20 

32*5 


E 

1 


. :i , 

At top. 

28 

8 27 


78 5 

E 

Slight 





Th 3 total number of disr)lacements was only 102 as against 213 in the first half-year. They were 
distributed as follows : — 


Latitude. 

North. 

South. 


C 

1 

17 , 

23 


60° 

20 

12 



21 

1) 


Total .. 

58 

44 i 


East limb . 

... .... 

f ■ 

47 

West limb ••• 

..i ■ ■ 

... 

55‘ 



Total -- 

102 
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Sixty-two digplacements were towards the red and the rest towards the violet. 


Bevemals and- displacements on the disc. ; 

Thirty-two bright reveraals of the lla line, 6 dark reversals of tlie D, line and l.S disp^ceirionts of the Ha 


line on the disc were observed during the half-year. 


Bright vevemls of Ha 
Dark revermls of Dj 
Displacements of Ha 


Their distribution is shown below 
North. ■ South. East. 


15 


[) 


17 

1 

4 


18 

3 

9 


W oat. 

14 

4 


Eleven of the displacements were towai-ds the red and 2 towards the violet. 

Prominences itrojccted on the disc as ahsorption mcurkinos. 

Photographs ,of the Sun’s disc in H« light were taken on 11.5 days counted as 1)4 effective days. The 
mean daily areas of Hff absorptibn inai'kings in millionths of the Sun’s visible hemisphere, corrected for 
foreshortening, and the mean daily numbers are given below : — ■ 


North 

South 


Total 


Aivmh. 

Nunibars. 

556 

368' 

.5-2 

3-7 

1)24' 

^ 84I 


There has been a great reduction in both areas and numbers amounting: to about 65 per cent in the 
northern hemisphere and .52 per cent in the southern, compared with the previous half-yearj . Unlike promi- 
nences at the limb, the Hrt markings still maintain a northern preponderance ; this means that the northern 
prominences were denser tlian the southern. ' 

The distribution of the mem daily areas in latitude is shown in the following diagram 




'S' ^ 

o) 


Mean A^eas of Ha ahsorption Markings 
Jul^ I to December 3 1 , / 0§2 



So 


■n 

9C 


The diminution of activity is most marked in the region- 0«- 35“ in the northern hemisphere. In both 

hmispheres the jsone of maximum activity has moved 5® towards the equator. 

There is a large excess on the eastern tide of the central meridian, the percentage east being 61’38 
for areas and 54 46 for numbers. swxoo 


Thb Obbbrtatoet, Kodaikanal, 
17th Felmtary 19SS. 


T. ROYDS, 
Assistant Director, 


Prtog. 8 (iniiM, 
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BULLETIN No. LXXII. 


EEPOET OP THE INDIAN ECLIPSE EXPEDITION TO WA L L AT. 

WEST AUSTEALIA. 

BY J. EVERSHED, F.E.S. 


Th6 expedition was organised mainly for the purpose of obtaining photographs of the star-field surround- 
ing the eclipsed Sun, in order to redetermine the deflection of light near the Sun. It appeared to be of 
great interest and importance to undertake this work because of a certain ambiguity in the results of previous 
eclipse expeditions, and we had at ICodaikanal a 12-ineh photo-visual lens which is particularly well adapted 
for this problem giving a large field of good definition and a larger scale than the lenses used previously, 
or that would be likely to be used by other expeditions. 

In addition to this work it was proposed to take out a spectrographic outfit and attempt to photograph 

the spectrum of the corona on the east and west limbs simultaneously, in order to determine the displace- 
ments of the green corona line due to the solar rotation, and to get improved values of the wave-length of 
this line. The results of previous eclipses gave values of the angular rotation in the coronal region largely 
in excess of the mean values obtained from sunspots and from displacements of lines in the reversing layer, 
and seemed to indicate a very remarkable law for the angular rotation at different levels ; but, owing to the 
low dispersion hitherto used at eclipses, the values obtained are not very reliable, hence the desirability of 
repeating the measures with more powerful instruments such as were available at Kodaikanal or could be 
constructed without much difficulty. 

Owing to the proximity of the eclipse track to the south of India, the direct distance from Kodaikanal 
being less than 600 miles, it was at first proposed to occupy one of the Maidive Islands, and negotiations were 
entered into with the Surveyor-General of Ceylon, who kindly supplied me with the best information 
available with regard to these islands. Assuming that transport would be available, application was made to 
the Government of India through Dr. Gilbert Walker, P.a.S., Director-General of Indian Observatories, for a 
special grant of money to be supplemented if necessary by private funds which would be available. Professor 
Raman of Calcutta Idndly promised to join the expedition and assist in the work as planned above. I should 
also have had the assistance of Mr. Bamford of the Colombo Observatory and one or two of the staff at 
Kodaikanal. Unfortunately for this programme, we underestimated the difficulties of transport from Ceylon ♦ 
to the Islands. Native craft trading between Ceylon and Mali was said to be impossible. The Ceylon Govern- 
ment was approached through the Governor of Madras, who kindly interested himself in our plans, but 
without avail, and the Government of India, while voting a sum of Rs. 4,500 for the expedition, was unable ■ 
to provide a vessel suitable for the work. I have to thank Dr. Walker for his great efforts on behalf of the 
expedition and for his interest in the work generally. 

The only alternative to the Maldives which seemed to offer a good chance of success was to occupy 
a site on the north-west coast of Australia. Negotiations were therefore entered into with the Commonwealth 
Government, resulting in a cordial invitation to join Dr. Campbell’s party at Wallal near Broome. As the 
funds available would not admit of a large party to Australia, I was compelled to limit the personnel to three 
only, including mjfejf and Mrs. Evershed. Professor Maclean of Wilson College, Bombay, kindly a,rranged 
to join us and assist In the work, but was unfortunately prevented by illness from coming. It then became a 
serious question whether the expedition should not be abandoned for want of the necessary assistance. In 
this dilemma, Professor Ross of, the University of Western Australia very kindly arranged with the University 
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autlionties to depute Mr. Everson oE the Physics Department specially to assist the Indian expedition. I take 
this opportunity to thank Professor Ross for his ofEorts on my behalf and the University authorities for lending 
me Mr. Everson, vrithout whose unflagging energy and efficient aid it would have been impossible to get the 
instruments erected in time. 

CONSTEUCTION AND TESTING OP THE INSTRUMENTS.— A large amount of preliminary construction work 
was undertaken m the Observatory workshop, beginning about a year before the eclipse date. A large camera 
box was available, having been originallymade for the Indian eclipse of 1898, and this was adapted for the 
Einstein camera and for taking 12 X 12^ inch plates. A wooden framework covered with metal sheeting was 
constructed for Uie^ tube connecting the camera with the 12-inch lens. A substitute had to be arranged for 
the lens, as this is in daily use for the two spectroheliographs of the Kodaikanal Observatory. After 
many trials, I finally nsed a 9-inch parabolic mirror in combination with a. convex mirror arranged as a 
Skew Cassegrain ” of the type advocated by Dr. Common in 1905. The solar image could be adjusted to 
have, precisely the same diameter as was given by the lens, and the definition of a star-image was quite 
satisfactory with an aperture reduced to 7 inches. This arrangement was put into operation in December 1921, 

and the large lens mounted, where it could be used for testing the performance of two coelostats and for 
photogi'aphing star-fields. 

A polar heliostat by Grubb, not in use, was dismantled and the . mirror and declination axis remounted 
as a coelostat The Grubb driving clock was modified by adding one gear-wheel to give the correct speed. 

he mirror of 11-inch aperture when tested at large angles of incidence was found to be far from perfect. 
I therefore decided to nse this coelostat for supplying light to the spectrographs, where the fault would not be 
of great consequence. A second mirror of 6-inch aperture by Common- (also imperfect) was attached to the 
upper end of the axis to supply light to the second spectrograph. 

T, Through the kindness of the Astronomer Royal I obtained the loan of a 16-inch coelostat from the Joint 
Eclipse Committee of the Royal Society and the Royal Astronomical Society for use with the Einstein camera. 
Before despatching it, Sir F. Dyson had it testedat the National Physical Laboratory. The report from tliis 
Institution was anything but satisfactory both as regards the mirror and the driving mechanism, but as 
nothing else was available it was sent to Kodaikanal after providing an excellent new driving clock for -it by 
Messrs. Cooke & Sons. As soon as the instrument was received at Kodaikanal in May, it was set up and the 
unifomnty of its movement tested, when it was found that although no appreciable irregularity could be 
observed with a solar image of about 4 inches diameter, yet when stars were photographed there was shown 
to be a very mmked periodical error, even in the best parts of the sector. Tests were made with the 
coelostat correctly adjusted in altitude but with the polar axis slightly out of the meridian. In this way by 
regulating the clock, star images could be made to drift slowly in decRnation ; but instead of this movement 
appearing on the plate as a steaight line- of a length proportional to the exposure time, it appeared as a sine 
curve with a period of one minute, corresponding to one revolution of the driving screw, and with numerous 
^er irregularities. As the driving screw was found to be worn and out of truth, and the teeth of the sector 
■ in3hred in many places through the wear and tear of previous eclipse expeditions, it was decided to construct 
a new screw and refigure the teeth of the di-iving sector. Fortunately, the Observatory possesses a good screw- 
cutting lathe, and a new screw was made without much difficulty of the same diameter and pitch as the old 
s^ew,alsoagun-metalnutrath8r longerthanthe screw and cut into four segments accurately clamped together : 
this was for correcting the screw by Rowland’s method of grinding. Many days were spent in grinding and 
_ polishing the screw until it was considered to be free from the grosser errors. Next, another similar screw was 
cjrt .on a length, of tool-steel, and ground with the same nut. This whs used to re-cut and grind the sector 

^ V sector:was very carefully ground on the firsi 

; 0 wew, Many difficulties due to inexperience in this work, had to be met and overcome ; and it was not until 
^ay of ^espateh of the cases of instruments to the railway that I was able fo complete the work on the 

" '' the .coelostat- had to. be de^red i,ntil the instruments were 


? -4 
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Owing to the bad running of the coelostat, photographs of the eclipse field could not be obtained before 
leaving for A.ustralia, and it was intended, if satisfactory eclipse plates wei'e secured, to set up the instrument 
in Madras (latitude 13° north) on our return to India, and get control plates under similar conditions of 
temperature and focal length, with the star-field in the morning sky, at an altitude of 53° as at Wallal, and at 
approximately the same hour-angle, but east instead of west. 

I proposed to replace the imperfect 16-inch mirror by a 12-inch siderostat mirror by Cooke that was 
available, but on testing this it was found to be no better than the 16-inch. Either would have given good 
images near normal incidence, as Avould have been the case at the station originally selected in the Maldives, 
but their performance at the Australian station where the angle of incidence was 32^° seemed doubtful. An 
order was then sent to Messrs. Hilger for a mirror of the largest diameter that could be produced in the limited 
time available, and a 9-inch of very excellent figure was made, but unfortunately was not received in time 
for the eclipse. 

The Corona Spectrographs. The high dispersion auto-collimating prism spectrograph built for 
photographing Venus spectra was taken to the eclipse without modification, excepting that the small reflecting 
prisms in front of the slit used for comparison spectra were removed. A second spectrograph was built 
specially for the eclipse : it is also of the auto-collimating type, but of larger aperture and smaller 
dispersion. The prisms are of four inches effective aperture and used with a collimator-camera lens of seven 
feet focus. This gives a dispersion for wave-length 5300 of about 4 angstroms per millimetre, with excellent 
definition. 

As it was desired to photograph both east and west coronal spectra simultaneously, giving an exposure 
lasting six minutes, both spectrographs were fitted with optical arrangements for bringing the images of the 
two limbs on to the slit. The simplest way to effect this with little loss of light was to place an optical cube 
of very transparent glass immediately in front of the slit, a 90® edge of the cube ground and polished perfectly 
Sharj) dividing the slit into two equal lengths, as shown in the diagram. The Sun’s image after passing through 
the cube is focussed on the slit, the function of the cube being to split the image into two halves which are 
reversed on the slit, the east and west limbs facing one another. 



The size of the cube and the focal length of the image lens are so arranged that there is an interval 
between the two limbs equivalent to about 10' of arc In this space the east and west images of the lower 
corona are formed, the angle of the cube sharply dividing the images at a height of 5^ above each limb. At the 
base of each corona spectrum it was hoped to photograph point images of the flash spectrum, so that points of 
known wave-length would be available on either side of the coronal spectra for determining the wave-length 
of the corona line. This arrangement was applied to the high dispersion spectrograph, with which an image 
lens of 5 feet focus was used. The second spectrograph was designed to deal with the l-inch image formed by 
a lens of 40 feet focus. For this a special apparatus was constructed for reflecting the opposite limbs on to the 
slit. This consisted of a divided circle bearing reflecting prisms at opposite ends of a diameter, and a silvered 
right-angle prism mounted at the centre, the sharp edge of this prism bisecting the spectrograph slit and. 
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defining tlie division between east and west spectra. Tlie circle could be rotated to any pbsition angle, as in 
similar devices for solar rotatibn work. 

This apparatus was not used at the eclipse, as there was not enough time available before eclipse day to 
get it into perfect adjustment. The spectrograph, was therefore used in.an attempt to get a single coronal 
spectrum image on one limb only. • 

To avoid trouble with the diuving clocks, always liable to occur under the dusty conditions of an eclipse 
installation, both coelostat clocks were fitted with the double-drive arrangement whereby both ends of the 
driving rope ai‘e attached to the drum and pull in opposite directions, passing over pulleys outside the clock 
and round the pulley on the weight, which does not rotate but merely serves to equalise the force on the two 
ends of the rope. The driving force in this way acts as a couple on the drum, instead of the one-sided pull as 
ordinarily arranged, with half of the weight ineffective in driving the clock. Only one-half of the usiial 
mass is therefore required, unnecessary friction is avoided, and the clock never stops running for any obscure 
reason. The one disadvantage is that for the same fali the clock only runs for half the time it will go with 
the ordinary method of drive ; but it is easy to arrange for a length of fall sufficient for 45 minutes which is 
ample for eclipse work. 

The JoUENBlT TO Wallal. The expedition sailed from Madras on July 28 and arrived at Broome via 
Singapore oii August 18. Here we had to await the arrival of the expeditions from Perth, including the 
American and Canadian parties. During the ten days' halt I was fortunate in obtaining the use of a workshop 
and tools, and so was able to construct two large dark slides for the Einstein camera, making five in all. 
Timber and cement were purchased, and moulds made for the concrete piers that would have to be erected at 
Wallal. The Resident Magistrate of Broome, Col, Mansbridge, D.S.O., very kindly aUowed me to build a pier in 
his compound for use on our return from the eclipse in an attempt to photograph a high dispersion spectrum 
of Canopus. 

On the 28th of August the various eclipse parties arrived from Perth, and we had the pleasure of meeting 

Dr, and Mrs. Campbell of the Lick Observatory, Dr. and Mrs. Adame of New Zealand, the members of the 
Canadian and Australian expeditions. Professor Ross from Perth, and Lieut.-Commander Quick in charge of 
the naval unit deputed to convey the expedition to Wallal and to form our camp there. The schooner 
Gwendolen hired by the Australian NaVy arrived off Wallal on the early morning of the 30th. 

Euhction op instruments.— Owing to the difficulties of landing some 35 tons by weight of instruments, 
and getting them up from the shore to the camp, a distance of about a mile, the work of erection could not be 
fairly started until September 2. During the 18 following days it was all we could do to get the big camera 
and the two spectrographs erected and adjusted, leaving no sufficient margin of time for rehearsals. A large 
concrete pier was built for the lens mounting and the 16-inch coelostat, another pier 22 feet to the west of the 
coelostat for the Einstein camera, and a third pier to the east to carry the smaller coelostat and image lenses 
for the spectrographs. These piers raised the instruments between 3 and 4 feet above the ground level. 

The camera box was bolted to a heavy stone slab cemented to the western pier. The top of this pier and 
the slab were not made level but inclirred 19° downwards towards the north, so that the edges of the plate- 
holders were 19 out of the vertical. The purpose of this inclination was to get as many of the brighter stars 
of the eclipse field as possible on to the plates. Had the plates not been inclined in this way, two of the 
brighter stars would have fallen outside the comers of the 12 x la^ inch plates. 

The wooden mould surrounding the camera pier was not removed when the cement had set, as it was 
found very convenient for attaching the handle for operating the focussing screw and for fixing two pulleys, 
one for the cord controlling the coelostat slow motion, and the other for the cord operating the exposing 
shutter, a large aluminium disc attached inside the connecting tube of the camefs about three feet in front of 
the focal plane. 

The accurate adjusiment of the camera with respect to the lens was not a very easy matter. The azimuth 
tvas computed to be 1 4' south of west for the centre of the plates, and this point had also to be arranged 
precisely level with the centre of the lens. The theodolite attached to the coelostat was found to be too amaiT 
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rand inaccurate to be trusted : I therefore set up in front of the coelostat a good 6-inch Cooke theodolite. 
With the telescope adjusted level and pointing 1® 4 south of west I was able to observe the .exact point at the 
camera-end at which the centre of the plate should be placed. The 1-inch theodolite object-glass faced the 
upper part of the 12-inch lens, thus avoiding the coelostat mirror turned edgewise. The large lens in this 
way formed a collimator for the theodolite. After fixing this point with certainty, the slide for the plate- 
holders was secured at the correct position. The coelostat was then adjusted as accurately as possible in 
altitude, and roughly in azimuth, and finally on the day preceding the eclipse the azimuth was corrected by 
bringing the Sun’s image exactly to its computed position in the field of the. cam era. Means were provided' 
for accurately adjusting the camera-end so that the plates would be normal to the axis of the lens, the usual 
:squaring-on adjustments of the lens being first manipulated to bring the axis central on the plate. Focussing 
was effected by movement of the object-glass, the mounting of which was provided with long machined ways 
and a screw movement. 

In order to maintain a fairly uniform temperature, especially inside the camera-tube, the entire apparatus 
was covered by two large tents, one covering the tube and object-glass, and the other forming a darkened 
■chamber in which the operation of changing the plates could be safely effected. The coelostat was protected 
as far as possible by a light framework of wood, to which white sheeting was attached. On the day of the 
eclipse the outer fly of the tents was kept wet until the eclipse itself began to take effect in preventing the great 
rise of temperature which usually occurred inside the tents during the day. 

Aboixt a week before the ecUpse, tests were made of the performance of the coelostat. The result was that 
all hope of getting perfect plates had to be abandoned. With the mirror set to the hour-angle at which 
totality would occur, marked astigmatism appeared in the star-images, and this was due to the faulty figuring 
of the surface and not to any temporary effect of temperature changes. Another mirror by Cooke of 12 inches 
diameter had been brought from Kodaikaiial in case of accident to the silver surface ; but this one as already 
.stated was no better than the 16-inch. A drastic cutting down of the aperture from 12 inches to 6 or 8 inches 
was the only remedy. In attempting to regulate the driving-clock to give stationary images, it was found that 
the irregularities previously observed with the old screw were considerably reduced in amplitude, but by no 
means cured. A star-image would remain apparently stationary for about 20 seconds, and then begin to 
wander. All attempts to discover the cause of the trouble were unavailing, and one could only hope that 
plates exposed for less than 20 seconds might with luck give good images, but they could not be expected to 
■show many stars. 

Adjustment OE the SPECTBOGRAPHS. — The high-dispersion spectrograph was placed to the eastward of 
the smaller coelostat, and the second specti-ograph to the westward, the two mirrors of this coelostat being 
adjustable independently one reflecting east and the other west. Both spectrographs were mounted on packing 
•cases filled with earth, and each was protected by a tent, and by a great mass of non-conducting material 
packed around the prism chambers. The slit and exposing shutter of the second spectrograph were placed in 
a convenient position in the main tent which covered the Einstein camera. The adjustment of the prisms 
and the focussing of these spectrographs was effected with less difficulty than usual,, notwithstanding the 
■constant exasperation from innumerable flies attacking one’s eyes the moment an observation was attempted. 

Operationb AT THE ECLIPSE. — Great care was essential in the final adjustment and focussing of the 
Einstein camera. The visual and photographic foci had been previously determined and found to be practically 
identical, but the lens was sensitive to temperature change, and so the focus determined at night would not 
necessarily be the same during the eclipse. The method adopted for focussing was as follows : — A blank slide 
with a large opening at the back was fitted with a clear-glass photographic plate (fixed without exposure) ; 
this was ruled with fine cross-lines on the film, defining the centre and the direction of right ascension and 
declination. The crescent Sun about five minutes before second contact was brought to the central position 
with the south cusp just overlapping the line ruled north and south. Mr. Everson then placed a screen over 
file object-glass having two apertures, one inch in diameter and eight inches apart, and the cusp was examined 
with a lens and the focus slightly readjusted from the previously determined focus of stars at night. By this 



iut!t ifxl, it Wiu) eBtimated that an error of one. or two millimetres, or say one part in four thousand of the focal 
eiiifth, would show by a doubling of the sharp cusp, the apertures being placed approximately at right angles 
to the cuHi). Actually a difficulty was experienced in the brilliancy of the light, and much darker shade 
ghiKaes should have beep used to examine it with comfort. After focussing in this way, it was found that by 
removing the focussing slide and moving a piece of paper across the focal plane the point of coincidence, of the 
two images could be estimated with some accuracy. 

A1 ttir focussing, a dai-k slide was put in readiness for exposure, and the iioiTowing crescent which could 
bo Hoi!u projected on the slit of the spectrograph was watched, and just before disappearance the signal was 
given for exposing the two spectrographs ; as these needed no further attention until the end of totality I was 
ttbh» to give imdividcd attention to the exposure of the five plates of the Einstein camera. There was ample 
time during the five minutes of totality for changing the slides and operating the five exposures, which had to 
bo short on account of the defects of the coelostat. The exposures varied from five seconds to fifteen seconds 
duration, tlni short exposures being made near the beginning and end of totality. Mr. Everson meanwhile 
tdninged the iiporture over the lens from six inches to eight inches, after the third exposure. The plates used 
woiti the fastest I could obtain, the “ Stella ” brand of Elliott Brothers, Barnet (H, and D. ,500), This plate 
has excellent contrast and fine grain, and has been used very successfully for Venus and star spectra. 

I i)uriK)Hcly worked deliberately, nevertheless owing to want of sufficient practice in rehearsing a slight 
mistake was made in the first exposure, and a hitch occurred in the last, the slide being very difficult to- clo.se 
in fact it t<i()k the whole of the last minute of totality to get the slide safely closed and removed from the 
camera : I thus lost my chance of getting a good view of the corona with binoculars, as I had intended. 

'I’lie thr<H) middle exposiires were, operated according to programme, and at the first streak of sunlight tlie 
signal was given, for closing the spectrograph shritters, one of these being operated by Mr. Everson and the 
other by Mrs. Evershod, who also took down the times of opening and closing of all the exposures. 

All the slides were immediately put safely into bags, and at night the first of the coronal plates and the 
two spectrograph plates were developed. The coronal plate was not satisfactory, showing a considerable 
amount of fog and other defects. The spectrograph plates were total failures, the coi'ona line lipt appearing at 
all on tdther of them. This is probably due to the unusual faintness of the radiation at this eclipse, as indi- 
cakHl by photographs taken with low dispersion by Dr. Moore of the Lick Observatory party. The plates useil 
were Ilford SiKJcial Rapid Panchromatic. 

As the dtwelopment of the large plates under difficult conditions at Wallal was found to be extremely 
risky, especially in the drying, the four undevelop “d plates were taken from their slides and carefully packed 
in the tin box in which they had been received, to be developed subsequently at Broome, where ice could be 
olituined. 

When these were developed, however, all were found to have failed for one reason or another. The 
fifteen seconiis expo.sure plates showed movement of the star images and poor definition of the corona due to 

the bad driving of the coelostat, and tho two short exposure plates in some unexplained way had been badly 

fogge<I over two-thirds of the surface, as though the slides had been withdrawn this amount in daylight. The 
negatives wtuv perfectly clear over tho remaining portion where the ends of the coronal streamei-s appeared 
Insaiitifnlly defined. This completed tho failure of our eclipse expedition. 

A considerable amount of risk is inevitable in all eclipse expeditions, but it is usually associated with tlie 
chances of fine weather. Failure under the ideal conditions of a perfectly clear sky, with excellent definition, 
and a long dumtion of totality, is deplorable, especially when public funds have been risked. 

Notwithstanding the vast amount of trouble and anxiety involved in working the 16-inch coelostat, I 
am still of opinion that the method is good for the Einstein problem. For only with a coelostat is it practi- 
cally possible to got an adeqxiate scale. All my experience in measuring the mimite displacements of lines in 
the solar spectrum tends to show that scale is all-important. With insufficient dispersive power there are 
always hn'ge and seemingly inexplicable differences from plate to plate, variations which are at any rate greatly 
in excess of the probable errors of measurement. The ambiguous result of the measures of star Images at 
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previous eclipses, the displacements varying all the way between the Newtonian and the Einstein law, is a 
good example of the same difficulty. The question of the coelostat mirror introducing complications is, I think, 
a bogey. Plane mirrors can now be constructed of large size and perfect figure, and experience with mirrors, 
good and bad, has shown that little is to be feai-ed from distortion of the surface when the silvering is fresh 
and good, and simple precautions are taken. 

Finally, if British manufacturers could be induced to abandon the old methods and apply ball bearings to 
■all moving parts in astronomical instruments, as should have been done thirty years ago, an enormous gain 
would result in the uniformity of movement so essential in this research. 

Our admiration for the American installation was perhaps tinged with envy. As a matter of course, all 
polar axes were fitted with ball or roller bearings, and with a simple and most effective method of driving 
without the use of any gearing whatever. We have great hopes that the excellent plates obtained by 
Dr. Campbell with his 15-foot cameras will finally yield conclusive evidence as to the amount of the 
deflection, though we could wish that the focal length had been twice as great. 

Photographing Star Spectra. — Our next work was to set up the 16-inch coelostat and 12-inch lens at 
Broome, and try to obtain high-dispersion photographs of the spectrum of Canopus under the favourable 
conditions of the star’s high altitude in this southern latitude, and the excellent definition. Mr. Everson 
again assisted in putting up the instruments, and Dr. Trumpler of the Lick expedition very kindly took a 
turn at guiding during the long exposures required between midnight and dawn, and he assisted me also in 
re-silvering the mirror. . 

The main difficulty encountered was to maintain a constant temperature in the prism chamber, as the 
-diurnal variation was large, and this accounted for a number of failures. We did however succeed in obtaining 
one good spectrum of Canopus, and also one of the star Achernar ; and these are of great interest in connexion 
with my previous. work on the spectrum of Sirius. 

We are very greatly indebted to Col. Mansbridge for his kindness and hospitality during this time : he 
gave us the free use of his house and compound for this work, which occupied several weeks. 

We^ should like also to refer with gratitude to the welcome we received from the inhabitants of Broome 
generally, who gave us every assistance and took a keen interest in our work. At their request I gave a public 
lecture on the Sun, and showed a number of slides illustrating our work at Kodaikanal. 

Thanks are also due to the steamship companies who generously carried our three tons cargo of instru- 
ments free or at a nominal charge, and to the ships’ officers who handled it with scrupulous care. 

While at Wallal, we were the guests of the Royal Australian Navy who catered for us generously and 
provided commodious tents to live in. We wish to thank very heartily Commander Quick and his men for 
the assistance given us and for their care of our instruments, which were landed at Wallal and brought back 
to Broome under difficult conditions completely uninjured. 

We left Broome on October 24, and reached Kodaikanal on November 20, just missing by one day the 
weekly steamer from Singapore to Madras. 

The Observatory, Kodaikanal, J- EVERSHED. 

%Wi' February 
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THE EFFECT ON WAVELENGTH IN AEG SPECTEA OF INTEODUCING 
VAEIOUS SUBSTANCES INTO THE AEG. 

By T. ROYDS, D.se. 


It has been shown by Fabry and Bnisson^ and in Kodaikanal Observatoi‘ 5 ’^ Bulletins’ that siJectrum lines 
which are nnsymmetrical in width in the electric arc undergo abnormal displacements in the sun ■when 
compared with the displacements of symmetrical lines. It has also been shown in Kodaikanal Observatory 
Bulletins* and by others that nnsymmetrical lines are displaced xxnder varying conditions in the electric arc, 
a typical instance being the displacement near the poles of 'the sfcrc which has commonly been called the “pole 
e’flCect.” Reasons were given in the Kodaikanal Observatory Bxxlletins referred to for ascribing these 
displacements of nnsymmetrical lines to varying conditions of vapour density althoxxgh it was stated* that for 
the phrase “density of vapour” that of “density of ions” might have to be substituted. Experiments have 
now been made and are described in this paper with a view to deciding whether varying density of vapour or 
(irf ions is the real cause of displacement of unsymmetrical lines. 

2. The method of experiment has been to introduce various substances in turn into the arc gi-ving the 
spectrum under investigation. It is to be expected that if into a copper arc, for instance, is introduced a 
substance which is more easily ioixised than copper, the density of ions will be increased, whilst the density of 
copper vapour will probably be reduced (though not necessarily so if the atoms of copper are vaporised in the 
arc in clusters®). The comparative ease of ionisation is, unfortunately, known for only a few sxxbstances 
which are suitable for use in the electric arc. More unfortunately still for our present purpose, the electric 
arc is a complicated phenomenon whose features are not completely understood ; for instance, the arc voltage 
is known to vary with the nature of the materials forming the arc but its effect on ionisation is not known ; 
and' again the energy necessary to volatilise different substances from electrodes will influence the energy 
available for ionisation. Possibly even the temperature of the arc varies with the materials of the electrode 
which would at once inflxxence the ionisation. So that even if we know that substance A is more easily 
ionised than substance B, we cannot definitely say whether introducing A into the ai-c between electrodes of B 
will increase or decrease the ionisation in the arc. It is, however, pi’actically eertain that except by a 
coincidence of circumstances, the ionisation will be changed, and by trying a variety of substances some may 
be found to increase the ionisation although perhaps others will decrease it. The method of expmment has 
therefore been to take various substances which were available and to determine whether introducing them in 
turn into an arc giving spectrum lines which seemed favourable for study caused any displacement of these 
lines. The method is consequently not very systematic, and the experiments can only be regarded as 
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explorative, but the displacements were found to be so large as to make it desirable to publish thestt 
preliminary experiments before attempting a more systematic investigation, 

3. The copper arc was first chosen for study as the lines XX 4531, 4509, 4480 have been found to be fairly 
sharp lines reqitiring short exposures whilst the first and last are sensitive to displacement at the poles of the 
arc. These three lines are all widened more towards the red than towards the violet, and their displactunenlK 
at the negative pole of an arc between copper electrodes are H- 0*032 A, -h 0‘014 A, + 0*028 A, res|)ecl.ively. 
On account of its greater steadiness of burning, the arc for these experiments was between a lower positive 
electrode of copper and an upper negative electrode of carbon. The arc was always nsetl with a bead of 
copper on the copper pole. Two electrodes of copper and two of carbon were prepared ; one of each was 
kept uhcontaminated from other substances and use& to ^ve the comparison spectrum tis against the .speetriuri 
from the other pair to the copper bead of which had' been added the substance whose effect was to be tested. 
The spectrograph has been described previously \ the dispersion in this region being about 1*33 inni. to Lbt'i 
angstrom. 

4. As the effect was found to be greatest when the arc was very short, the results for tlict arc of length 
between 1 a:nd 2 millimeters will be given first. The length of the arc was controlled by the length its 
image, magnified 3*2 times on the slit plate, cai^e being tkken that the 'arc did not burn into n ciniter in the 
carbon or run down the side of the copper bead so as to avoid any false estimate of the true lengtli of tint 
arc. The first half of the exposure of the comparison spectrum Was made before and the second half after 
the spectrum of the arc with substance added. The spectra to be compared were amuiged in adjacent strips 
by means of an occulting shutter which could be moved in front of the slit between the oxpoHurcs. Thu 
current through the arc was about 6 amperes in all the experiments and was kept constant in any experiment 
to within i ampere. The effects of the following substances wei’e tried 

{a) A small quantity of metallic sodium somewhat smaller than the size of the copper bead on the 
electrode was added to the copper bead. On striking .the arc the sodium burns up into a flame so that it in 
uncertain how much sodium is left when the arc is brought op to ’the slit a few moments later, but arcs 

burns very steadily with the bright yellow light of sodium. The exposure was about 3 minutes coini)ared 
with 7 seconds; without sodium. 

(6) Iron and alumininm were added to new copper beads in turn. The amount of iron wiik o.'<timut.(«i 
to be about thi-ee times that of the copper, but the exposure required was only half of that ■when the lieiui whh 
pure copper. . ' 

(c) The following salts were added to new copper beads in turn : calcium chloride requiring 2 Ht'coiula 
exposure, sodium carbonate requiring 1 minute, and potassium carbonate requiring 2, minutes. 

(d) As pure nickel and pirre silver were not available, the effect of these metals was t(»Hto(l by 
comparing copper aUoys of these metals with pure copper. These alloys were ready to hand in Indian nickel 
and silver coins, requiring 2 seconds and ij minutes exposures, respectively. 

, (e) A small quantity of soda glMS was melted on to a copper bead and required 1 second exposure only. 

, . Th^ effects of these su^tances on the wavelengtbi of the three copper lines studied are given in tlio 
iollo-wiug table. The number of photographs bn which each value is based is given in brackets. 

•TaBL» I;— MBAir’ tlSlS BY 
DIB'B’HBBNT SUBSTANCES INTO THB ABC. ' 



Na. 

Calcium chloride. 

GUsa. ^ - 

Sodium, carbonate. 


4631 

4509, 1 
4480': 

tO'049AOO) 

•+ 0-018A ,(3) 

i +0'036A(4) 

+ 0 0l2A (6) 

.+ 0 032A (3) 

+ O-OIDA (3) . 

+ 0-026A(6) 

:+ 0*006A (6) 

' ■ <¥ (^■022A(fi) 

+ O-OIGA (6^ 
+.0(K)4A(3) 
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Ag. 

Al. 

• • ‘ . Ni. ^ 

. Potass, carbonate. 

1 

4531 

+ 0 015A (5) 

+ 0'014A.(3) 

+ 0 009A (8) 

+, 0;006A.(6) 

4509 

+ 0-009A 

0*004A (3) 

+ ■0-002A (8) 

+ 0-002A (6) 

4480 




+ 0 005A (6) 


It is not to be expected that -very consistent values will be obtained in each experiment pwing to the 
impossibility of introducing exactly the same amount of material in different experiments and owing to the 
fact that the arc was very short. Table II has therefore been given to show the actual displacements 
observed in each experiment for the line ^ 4531 : 


Tablb II. — Displacements op the Cu line 4531 in each individual experiment. 


Experi- 

fnent 

No. 

% 


Calcium 

chloride. 

Glass. 


Sodium 

carbonate. 

1 

Fe. 


1 

+ 0-040A- 1 


+ 04)43A 

+ 0*,025A 

+ 0-005A 

+ 0'016A. 

+ 0‘017A 

0 

+ 0*021 1 


H- 0*031 

i + 0*041 

+ 0*015 

+ 0*017 

+ 0-011 

3 

■f 0*096 ' 


+ 0*025 

+ 0*030 

+ 0*032 


• + 0*020 * 

4 

+ 0*101 


+ 0 040 



+ 0*026 


+ 0*014 

5 

+ 0*043 





+ 0*037 


+ 0*013 

(> 

+ 0*056 





+ 0*033 



7 

8 

+ 0*062 
+ 0 042 








9 

+ 0*005 








10 

+ 0*022 








Mean 

+ 0*049 

+ 0035 

+ 0*032 

0*025 

+ 0*016 

+ 0*015 

Experiment No. 

Al. 


Ni. 

! 

j Potass, carbonate. 


1 

•+ 0-011 A 

• +0*014 A 

-0-004A 

2 

+ 0-016 

+ 0*007 

+ 0 008 

8 

+ 0*015 

+0-U11 

+ 0*023 

4 


+ 0*006 

-0*006 

5 


+ 0*024 

+ 0*009 

6 


-0*001 

+ 0 003 

7 . 


+ 0*010 


8 


0*000 


Mean 

1 +0*014 

+ 0*009 

+ 0*006 


' It seems surprising that the addition of certain, substances should reduce the exposure required for the 
copper lines. If it be argued that the short exposure is a consequence of increased vapour density, vapour 
density cannot be tire controlling factor since the addition of soda glass which shortens the exposure to 
1 second has ah eff ectrof thfe sameT sign' as the '^addMon of m^stallic Ka,' which Tenglhfens* the exposiire to 3 

miniite??. 

5 Tire following evidence is given as proof that the displacements observed are real and correctly inter- 
preted as due to the addition! of substances into the arc ■ ■ ■ 

(a) By the practice of giving half the exposure of the comparison spectram before and after the spec- 
trum under test the presence of spurious displacements such as those caused by temperature changes during; 
the experiment would have been detected. Moreover, it is unlikely that temperature changes during the 
short exposures required could be appreciable. The absence of displacements of this kind is, however, proved 
by the fact that the displacement vai-y from line to line, depending only on the unsymmetrical character ot 
the lines, and as .will be seen 'later, symmetrical lines have zero displacement. 

■ . 1-A ' ■ 
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(b) Apparent displacement unsymmetrically widened lines can be produced by gverexposing one of 

the two speCbra under comparison the displacement being in the direction of the gre^^^^ These 

apparent displacements can only be avoided by giving a minimum exposure to each spectrum so that the e^t 
position of greatest density in tie spectrum line is not obliterated by overexposure. In these, experiments the 
best exposure was tried but before photographs for measurement were taken, and no plates were measured in 
which there was a danger of error through overexposure. 

(c) The displacements are really due to the introduction of another substance into the arc and not to any 

other previously known cause. It was previously known that these three copper lines 4531, 450i), 4480, 
will be displaced towards the red (l) at the poles of the arc, (2) with increased current and (3) with decreed 
length 6i the ai*c. Many of the dispiaoements observed are much greater than any possible displacement due 
to such" causes. Firmly, the displacement of the line X4531 at the negative pole of the very sliort arc (1 to, 
2 mmO between Ou positive and C negative is only -h O’OOIA, at the positive pole + 0*002A : secondly, the 
current can efisily be kept constant to within i ampere ; and thirdly although there may be some difficulty in 
maintaining very short arcs absolutely any experiment was 

many times less than tlie change from l| mm. to 4 mm. which caused a displacement of 4531 of + ()*()12A : 
the displacement due to any variations in length of arc during any experimentimust therefore have been con- 
siderably less than this. 

(d) Control experiments were also made to vei'ify the reality of the dispiaoements and to test the effect 
of any probable variations in the -arc conditions. The exact procedure adopted in testing the effect of any 
substance was followed except that no substance was introduced. The measured displacement in the control 
experiments never exceeded 0‘003A, the mean being + O'OOl A, 

6, It is seen from liable I that the displacement of the ‘more uusymmetrical lines 4531, 4480 is greater 
than that of tlie less unsymmetrical line 4509, There are no symmetrical copper lines in the same region of 
the spectrum to test whether they would be displaced or not. The symmetrical lines of iron in this region 
were therefore used for the test, A bead composed of a mixture of copper and iron on the positive pole gave 
the lines of both metals simnltaneously and. its spectrum was compared with that uBing a simihu* bead into 
which metallic' sodium had been Mded. The copper lines, presumably already displaced by the presence of 
iron as shown in Table I, were further displaced by adding sodium by + 0*069 A, 4* 0'013A, + 0’055A (mean 
of 2 photographs) for the lines 4531, 4509 and 4480, respectively, whilst the mean displacement of the 3 
symmetrical iron lines 4528,4494, 4466 was +/0'0003A, 

7. The effect of introducing substances into the long arc is very much smaller, even at the poles, than tlie 
effect in the sliort arc. When metallic sodium is added to the copper bead on the positive pole, the length of 
the arc being 10 mm., the displacement wsi^s only + 0*004A (mean of 4 determinations) when comparing the 
region near the positive pole in each arc. The case of the displacement at the centre of the long arc due to 
the introduction of substances is of great practical importance because many wavelength determinations in the 
past been made from the centre of the long arc without, in many cases, account being taken of the 
presence of other, substances in the arc. The displacement at the centre of an arc 10 miru long when glass Wm 
melted into the copper bead was + O’OOl A, the mean of 5 determinations, which although too few to establish 
the reaj^iiy .6f BO smatl^a displacement, suffice & show’^ffi^^ order of rhagnitude ^t is oiear ^at 
the effect is small unless a spectrum line is more sensitive than the copper -line 4531. 

. .. 8. Wfi may.thus summaiuze the results for the copper lines. Un'dex' Suitable coiiditibns the unsymme- 
trical lines of copper may undergo large displacpmrnts-in the direction of their greater widening as a result 
of introducing .‘othei* substances into the arc. ’ If . the view, that the displacements ai'e due to a change in 
ionisation in the arc as a result of introducing substances into the arc is correct, it follows that all' tiie 
substances, chosen more^ or less at random, whose effect on copper was tried, inci^ased the ionisation in ,the 

„ ' --r ; . - . ■■ ■; 

■ 9. Experiments iwith copper lines having given positive results, similap experiments were tried with. tha 
ca cium triplet"A\ 4586, 4581, 4578; ‘>??*hibh, althbdgh'Mde'ned‘m6rb uiisyihffi^ towards the red than the 



: ■ 

oopperr lin^s first chosen, are less easy to measure acclirately. The calcium comparison spectrum was produced fijr 
an are between a commercial flaihe arc Carbon as positive pole, and a plain ordinary carbon as negative. It was 
considered that this would give more constant conditions than would be possible by introducing a calcium salt 
into a carbon arc. The tests for the effect of other substances were carried out with an exactly similar pair of 
carbons,' the substances being placed into the crater of the flame carbon. When the arc is very short the edge 
nf this crater prevents any light from reaching the spectrograph, longer arc was therefore used than in the 
case of the copper arc, and these experiments were carried out with an arc 4 mm. in length, the current 
strength being 3 amperes. The results for calcium are not as consistent as one would like, but this is attributed 
mainly to inconstancy of the arc conditions owing to the wandering of the arc over the positive pole in which 
were situated irregularly globules of calcium material and of the substance introduced. Table III shows the 
mean displacements for the different lines of the triplet and Table IV shows individual values for the line 
4586. 


TAblk III.—Mean displacements of calcium lines, caused by inteoducing different 


— , - 

, Cu. 

Grlass. 

Fe. 

Silver coin. 

Nickel coin. 

4586 

4581 

4578 

-{-0*002A (7) 

+ 0()02A(5) 

+ 0 0(k>A (1 

•-() 002A (6) 
O'OOOA 6) 
->ff002Ac5) 

,~0*005A(3) 
-0-006 A (3) 
-0‘005A (2) 

. -0 012 A (6) 
-0‘012A (5) 
-0*014 A (5) 

-0-020A(5) 
-0-022A (5) 
-0-020 A (b) 


Table IY. — Displacements of the Ca line 4586 in each individual experiment. 


Experiment 

number. 

r Cu. 

I 

Lrlass. 

Fe. 

Silver coin. 

Nickel coin. 

■ I 

+ 0 005A 

+ 0-017A 

-0-007A 

-0-008A ■ 

-0-006A 

2 

-0-005 

-0-011^ 

-0 003- 

■ -0-017 I 

—0-036 

3 

-0 001 

-0-D09 

-0-004 

-0-014 

-0 028 

4 

+ 0 001 

0-000 1 


-0-011 

-0 012 

5 

-0*001 

- 0-00.5 


j. -0 012 

-0-019 

6 

+ 0-009 

-0-007 1 

. ... 


... 

Mean. 

+ 0-002A 

-0-002 A 

; -0-605 A 

-0-012A 

-0-020A 


The following observations were also made, although not in very good agreement with those in 
Table III ; — taking the arc with copper added as standard, replacing the copper by iron caused displacements 
of — O’OIGA, — O'OIGA. ™0‘014A for the 3 lines of the Ca triplet, and replacing the copper by nickel coin 
caused displacements of — 0 009 A, — 0*008A, — 0-&10A. 

Using a flame arc carbon as negative pole and taking the arc with a positive pole of copper as standard, 
making the positive pole iron caused displacements of — 0‘0G8A, — 0*008A, — O’OlOA for the ‘3 lines of the 
Ca trijfiei^, , ■ ^ . i;... . ./..i., ■ ' / ' ’ 

. ,1Q* The displacements of the calcium triplet being principally negative, they are not by themselves 

conclusive as to whether the displacements are due to a reduction of vapour density or to other causes su6h as^ 
a reduction of ionisation in the arc. The displacements of the copper lines being positive, can, however, bB* 
definitely said not to he due to an increase in the vapour density, and are ateibuted in this paper, largely on? 
account of the rational explanation which will be developed §§ 11-13, to an increase in the ionisation in 
the arc, 

11. Stark^ has suggested that the widening of the spectrum lines emitted by a radiating atom is caused 
by the electrical field exerted by surrounding atoms. He has shown that in general a spectrum line emitted 

^ Shirk, quoted by Fulcher, Astrophysical Journal, 41, 359, 1915. . 
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•by: a gas in an electrical field of definite value is pplitup into. a number of components. Since a radiating 
■ gna lyill be partially ionised, each radiating atom will find itself in an electric field which will not hav6 the 
same valne for all atoms, and the average effect will be a broadening of the spectrum lines. Stark has pointed 
■out that spectrum lines broaden symmetrically or unsymmetrically according as whether the resolution in ah 
.electrical field is symmetrical or nnsymmetrical. It is obvious that the displacements of unsymmetrical lines 
.■under different conditions of the electric arc as described in this and previous Bulletins and by others, as well 
as their abnornoal displacements in the sun can also be interpreted by their unsymmetrical resolution in an 
■electric field. ' The evidence which has been given by Takamine^ also confirms the intimate relation between 
the Stark effect in elecitrio fields and the displacements of Unsymmetrical- lines near the poles of the* arc. 
.There can now be no doubt that the displacements and broadening of unsymmetrical lines find a ready 

■explanation as an effect of an elgctric field. 

12. A further confirmation of this is furnished by the change in the character of lines of certain spectrum 
series. It was sho^wn^ ihat in the first subordinate series of barium the second members are unsymmetrically 
widened towards the red, whilst succeeding members are imsymmetrical towards the ■violet, but the Stark 
effect’ tbrthlB nifeteHs not nwiilabiR. Vor odj^per and Mlver,1fibwe^rVTal!aufinfe*h^*SEown-that-tH^^^^ 
of displacement in an electric field is not the same for the different members of the subordinate series. It is 
found that the nnsymmetrical chaj?acter and pole effect coiTespond closely with the behaviour in an electric 
field, as is seen from Table V, where v denotes towards the violet and r towards the red. The correspondence 
is not exact ; e.g., the copper pair 3861, 3825 are not definitely unsymmetrical in the arc and their negative 
pole displacefiieht seems tb be slightly to the red (+ 0'003A) although they are difficult to measure ; certain 
it is, however, that they are less nnsymmetrical towards the red and less displaced than the pair 4531, 4480,.. 
whereas in the general run of series they would be more unsymmetrical- and more displaced. 


Table V.— RaLATioN of thb uksymmbtbioal ohabacter and polb effect of certain 

SERIES LINES TO THEIR BHHAVlOirR IN AN ELECTRIC FIELD. 
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13. We have evidence that electric fields are operating in the electric arc from the fact that lines which 

are faint or absent in the discharge in yacno . and appear strong only in an electric field are present in the 
spectrum of the arc in air. This has not been very thoroughly tested here, but it has been found that Ni 
lines given by Takamine, though not . appearing in the : published arc spectra of Ni, such, as the line 4037-7 
are actually present in the arc spectrum. The best instance appears to be a silver line near 4055. Kayser 
and Rimge give two silver lines 4211 and 4055 as reversed in the arc. Liveing and Dewar, and also Eder 
and Yalenta^ have shown that 4211 is not a reversed line but two separate um’eversed lines, which is 
apparently confirmed by the arc in vacuo. The same tests on the arc in air which show- 4211 to he tw-o lines 
will show that 4055 is also two nnreversed lines, , the more refrangible of which is unsymmetricai towards the 
red and the less refrangible unsymmetricai tow^ards the violet ; indeed, they are very similar to the 4211 pair 
but closer together.^ The reason why the published spectra of the arc in vacuo give only a single line at 4055 
becomes clear from the photographs - of Takamine in which it is ^seen that the less refrangible line only 
appears in an electric field. It, should be pointed out that according to the wavelength measurements made 
here iiis l^fie^more refrangil:^e:eom^^ iijie 4055 p^ir which belongs to the first suboutinate ^ries,*the 

less refrangible apparently belonging* to the combination series which is nearly coincident with the former. 

14. Interpreting the displacements of unsymnxetrical lines in the sun and arc as due to electric fields, w^e 
can proceed to find the magnitudes of the average electric fields w’'hich are causing the displacements. 
Difi'erent lines in the same spectrum do not, how^ever, lead to the same value for the electric field, possibly 
because of the assumption that the effect in an electric field is proportionate to the field strength. There can 
be no doubt, for instance, that the displacements of the Cu pair 4531, 4480, under different conditions of the 
electric arc are practically equal, whereas Takamine gives them as displaced by an electric field of 44,000* 
volts/cm by h 0’035A and + O’lOOA, respectively. Assuming proportionality to field strength and taking 
the displacements at the negative pole given in paragraphs, viz., + 0:032 A, + 0*028 A, these tw-o Cu lines 
give for the field operating at the negative pole of a copper arc the very large and inconsistent values of 
40,300 volts/cin and 15,700 yolts/cm, respectively,, greater than the field operating at the centre of the arc. 
Other elements give smaller and more consistent values. Taking the negative pole displacements given 
in previous l)ulletins for all the elements for which Takamine has given the Stark effect, we find the 
following values for the electric field at the negative pole in excess of that at the centre of the arc : — Fe (6 
lines) 5,970 volts/cm, ^Na (2 lines) 4,575 volts/cm, Ni (4 lines) 3,380 . volts/cm. Similarly, taking the solar 
displacements of the unsymmetricai lines of Fe, Na, and Ni from. Kodaikanal Observatory Bulletins, and 
making an allowance for the Doppler shift as. deduced from the symmetrical lines at the same depth in the 
sun, we find that the electric field in the sun is less than that at the centre of the electric ai^c by the following 
amounts:— Fe (3 lines) 2,420 volts/cm, Na (2 lines) 1,870 volts/cm, Ni (11 lines) 2,300 volfcs/cra. We may 
therefore take it that the field at the negative pole is of the order, of 4,000 volts/cm gi^eater than that at the 
centre of the arc, whilst the field in the sun is of the order of 2,000 volts/cm less than that at the centre of 


the arc. 

15. It can easily be shown that fields of this order of, magnitude can be accounted for by the field exerted 
by surrounding atoms. Debye*"^ b^s, calculated the average electric afield due to ionisation, assuming tliat it 
depends only bn the number of ions and the ionic charge, and finds the law that the field is proportional to 
(ionic charge) ^ (number of ions per c.c.)t. The average electric field in which an atom finds itself w-hen a gas 
at N.T.P., is completely ionised he gives as being of the order, of 1,350,000 volts/cm. At 4000 K, the 
temperature of the arc, tliis becomes 225,000 volts/cm, and at 6000'' K, the temperature of the sun, and 
atmospheric pressure it is 172,000 yolts/cm. 

16'. 10 our knowledge of the conditions obtaining in the arc were complete we should now be in. a position 
to make deductions concerning conditions in the sun. Making reasonable assumptions regarding the ionisation 


1 See Eder and Valenta, Benksch. Wien. Akad. 63, 189, 1896, and Beitrage zur i- _ 

2 ’PxiTG silver was not available for these tests. Silver coins were used but it was ascertained that no copper hnes nor 

rhosts of copper lines could be interfering. 

Phys. Zeitsohx. 20, ^ 
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in the arc dobs not, however, lead to resulte which .are plausible. From the work of Saha an ionisation in the^ 
arc of I per ceht is notauireasonabiy larger but it leads to a field of 10,000 volts/cm at wliich field shen^th 
many lines ought to be several angstroms wide, but are -in. fact fairly sharp. It appears probable that Debye s 
liw given in the previous paragraph is incorrect. It is difficult to believe that the field due to ions which are 
frequently colliding with atoms can be independent of their diameters and of the frequency of collision,, 
and unless their independence can be established Debye’s law falls to the ground. If a given mass of radiating 
gas, for example, v^ere heated at constant volume and constant ionisation (controlled, say, from outside)* 
the pressure would rise and we should expect a shift due to pressure, but according to Debye there would be no 
change in the average field strength and therefore, in the light of paragraph 17, no pressure shift. Moreover, 
the most firmly established law of pressure shifts is that of direct proportionality to pressure, whereas Debye’s 
law requires proportionality to tlie |rds power of the pressure. ■ . - 

17. An important point is the ultimate cause oft pressure shifts, Stark having suggested that asymmetry in 

an electric field is the cause. Here again; different lines in the same spectrum do not give consistent values 
lor the field strength ; e.g., the coppei* line 4063 requires nearly 3,000 volts/cm per atmosphere incfedae of 
pressure, whilst 4531 requires 23,000 volts/cm per atmosphere. tJnless the direction of displacement under 
pressure follows that of the asymmetry in an electric field, we can at once dismiss the Stark effect as a possibles 
cause of pressure shifts. It is irue that lines which are unsymmetrically resolved or displaced towards the 
red in an electric field have large pressure shifts, and that lines which are symmetrical in the arc have such 
small pressure shifts that the corresponding displacement or asymmetry in an electric field may not be 
detectable, but the situation as regards lines which are nhsymmetrically widened towards the violet in the arc 
and are unsymmelrically resolved or displaced towards the violet in aii electric field is not so satisfactoy. 
For, whilst Gale and Adams' for Fe, Duffield“ for Ni and Miller® for Ca have found that lines unsymnietrical 
towards the violet are displaced to the violet by pressure, Humphreys has many examples of such lines being 
displaced to the red ; e.g., Ca triplet and satellites at 4456,35,25, Cn doublet and satellite 5220, 5218, 

5153, Mg triplet 383.8,32,29, Ni line 5155, Sr triplet and satellites 4971, '4876, 4832. These discrepancicH 
require careful investigation. 

18. Nevertheless, an obscure feature of pressure shifts can be readily explained on the hy pothesis of the 

Stark effect. Pressure displacements in the furnace And in the spark are grater' than in the arc whilst the 
widening is also greater in these sources. Sihee the heater vfideuing is very probably a Stark effect, so 
pre^imably would the greater pressure shift, both being due bn the interpretation given * in this paper to 
greater ionisation in the furnance and in the spark under pressure. . < 

19. King explains® the asymmetry and displacements ot lines in the arc, tube-arc, and spark as due to the 

density of high speed electrons. I consider that the suggestion made in this paper that these effects are due to 
the electrical field in which the radiating atom finds itself offers a more rational, though not necessarily 
inconsistent, explanation. King shows that under the extreme Conditions of the tube-arc nearly all lines show 
as unsymmetrical, even certain “ flame ” lines of iron. It would appear, therefore, that the difference between 
unsymmetrical lines and those which have generally been referred to as symmetricar ih mainly one of degree ; 
this is required if the explanation of pressure shifts in paragi-aph 17 is correct, although again there is the 
incpusiatency and K lines of Oa which King finds to be slightly unsynSSStrldaF^to^i^^ 

being, as he points out, displa<jed to the red under pressure. 

20. If the view expressed in this paper is correct that asymmetry and displacements are effects of th(^ 
electric field due to ionisation of the gas, then since ionisation increases with temperature so should also tlie 
asymmetry and displacement of spectrum lines. As passing from the arc to the sun shows an opposite effect 

i Gal^ ftad AdanoB, Afitrbphysioal Journal, 37, 391 i 1919. 

» Duff eld, Phfi. Trans. R.S. 216, 206, 1916. 

3 Milleiv Astrophyskalr Journal, 63, 224, 1921. . 

* Humphreys, Astrophysioal Journal, 6, 169, 1897. See also Htunphreys on Pressure shift of violet sided lives^ Asirophysiciil 

Jbumid, 31, 469, 1910. 

* King, Astrophysical Journal, 41, 373, 1915. 



61 


it would follow that the fall iu density more than counterbalances the rise in temperature and denotes that the 
partial pressure of ions is less in the sun than in the arc. It is to he expected, however, that there will be a 
displacement of unsymmetrical lines in sunspots relative to the photosphere where the temperature is highei', 

but the magnitude of the displacement cannot yet be predicted from theory. 

21. Suitable lines unsymmetrical towards the violet were not readil 5 ’' available in this preliminary study 
■ of the effect of adding substances into the arc, but it is desirable to confirm the expectation that they will be 
displaced in the opposite sense to lines unsymmetrical towards the red. 

Summary— 1. These experiments were undertaken with a view to deciding whether densify of vapour 
or density of ions is the cause of the displacements of unsymmetrical lines under varying are conditions. 

2. In a short ai’o certain lines of copper which are unsymmetrically widened towards the red are displaced 
to the red by introducing various substances into the arc ; the less unsymmetrical lines undergo smaller 
displacement, and symmetrical lines are not displaced at all. 

3. The effect is smaller at the poles of a long arc and insignificant at the centre of a long arc for the lines 

■studied-'U' '■■r:.* .■;.: viri-/ ' -Hi ■■ 

4. In a calcium arc lines unsymmetrical towartls the red are shifted slightly towards the red, dr towards 

the violet according to the substance introduced. 

5. It is suggested that these displacements are caused by changes in the ionisation in the arc when 

extraneous substances are introduced into the arc. 

Thei’e is now considerable evidence that the asymmetry and* displacement of lines undei "varying aic 
conditions and their abnormal displacement in the sun follow very closely their asymmetry and displacement 
in an electric field. The electric field operating in the arc and the sun is probably the intermolecular field 
due to suri'ounding ions and electrons. On this view the average electric field at the negative pole of the aic 
is of the order of 4000 volts/cm greater than that at the centre of the arc and in the sun 2,00O volts/cm less 
than at the centre of the arc. Until the ionisation in the arc, is investigated and the average electric field due 
to ions has been satisfactorily worked out we are unable to apply these data to the determination of the partial 
pressure of ions in the sun. 

7. The view that there are electric fields in the arc is supported by the presence in arc spectra of those 

lines which in the vacuum arc are only in evidence in a strong electrical field. 

8. Although many features of pressure displacements can be explained as due to the increase in the 
intermolecular electrical fields owing to the increase in the partial pressure of ions, there are some difficulties. 
The point which first requires expei’imental elucidation is the direction of the pressure shift of lines 

unsymmetrical towards the violet concerning which e-vidence is contradictory. 

9. Further examples have been found of series in which the character of the lines reverses as vve pass 

down the series. , , 

This work was carried out whilst Mr. Evershed was still Director, and it is a pleasure to acknowledge 
my indebtedness to .his interest and .suggestions. 
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BULLETIN No. LXXIV. 


SUMMAEY OP PEOMINENCE OBSEEVATIONvS POE THE PIEST HALE 

OP THE YEAE 1923. 


In accordance xvitli a resolution of tlie International A&trononaical Union meeting held in Eome in 1922, 
the Kodaikanal Observatory has undertaken the woi’k of ccmpilation and discussion of statistics derived from 
photographs of prominences and Ha absorption markings of the Snn. All observatories taking prominence 
and Ha spectroheliograms of the Sun have been asked to co-op earte by supplying copies of their photographs 
on those days when the Kodaikanal record is imperfect or wanting. In response to onr requirements, the 
Mount Wilson Observatory sent prominence plates in calcium K light for 34 days in the half-year and Ha 
disc plates for 20 days ; Meudon Observatory sent Ks disc plates for 24 days and Ha disc plates for 14 days ; 
no plates were asked for from the Yerkes Observatory where calcium Ha disc plates and prominence plates 
are occasionally taken. 

When incomplete or imperfect photographs from more than one observatory are available for the same 
day, the best photograph is chosen as representing the solar activity of that day after ^‘/eighting the plate 
according to its quality, and the remaining photographs are ignored. 

The mean daily areas and numbers are given below. The means are corrected for incomplete or imperfect 
observations, the total of 171) clays for which photographs are available being reduced to 160i effective days. 




Mean daily 
areas ^square 
minutes). 

Mean daily 
numbers. 

North 

... 

2*43 

8-37 

South 

... 

2‘06 

713 


Total • 

4-49 

15-50 


For comparison with previous bulletins issued prior to the co-operation of other observatories, the means 
based on Kodaikanal photographs alone are aho given, l(j4 days being counted as 152i effective days. 



Mean daily 
areas {square 
minutes). 

Mean daily 
numbers. 

North (Kodaikanal photographs only) 

2-48 

8-56 

South do. 

210 

7 33 


Total ••• 4’58 

15-89 


Compared with the previous half-year areas show an increase of 57 per cent in the northern 
hemisphere and 24 per cent in the southern. In the case of numbers there is an increase of 70 per cent in 
the northern hemisphere and of 38 per cent in the southern. 
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the half-year eadiiig 30th Jane “" **“' '“-"P^ihi! ohsemtories dnrliat 

the mean daily areea .nd fte broken line the mean MrnrT™/ ““ ““ e*™ 

.itiina.,.rep™entte„.lm,,.e,n.rennnnr,,r,^^^^^^ »' «' “■ The 

curve IS similar to the distribution in the second half of IQOQ -n, ^ ^’^“^bers for the broken line. The 

latitudes and a slight advance towards tlie poles l^igher 



The monthly, quarterly and half- vearlv 9 vflat. or. el 

prominencies on photogi-aphs from all the co-operating o^r^T extent of the 

1 square minute of arc. The mean height is derived bv 7d?"'"'f^® TableJ. The unit of area is. 

^individn^ prominences and dividing by the total nuLber . of 
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is derived by addiiiff together the lengths of the base 
dividing by the total number of prominences. 


on the chromosphei'e of individual prominences and 


Table I. — Abstract for the first half of 1923. 


Months. 

Number 
of clays 

Areas. 

Numbers. 

Daily Means. 

Mean 

Mean 


(eifective-. 

j 

Areas. 

Numbers. 

height. 

extent. 

January 

2G 

124*0 

449 

4*8 

17*3 

// 

31*9 

0 

3*45 

I^ebriiary 

28 

140*0 

471 

5*0 

16*8 

33*5 

3*86 

Marcli 

27 

122*8 

435 

4*6 

16*1 

33*2 

3*38 

April 

27| 

130*7 

436 

4*8 

16*8 

35*2 

5*76 

May 

28| 

11 (>‘7 

411 

4*1 

14*3 

33*2 

3*32 

June 


87‘2 

285 

.3*8 

12*2 

34*4 

3*73 

Fii’vSt quarter 

81 

B86'8 

1355 

4*8 

IG’7 

32*9 

3-57 

Second quarter 

791 

334'6 

1132 

4*2 

14*3 

34*3 

4*3G 

First half-year 

160i 

721'4 

2487 

4*5 

15*5 

33*G 

.3*93 


Distrilmtiun east and west of the Sun's axis. 

Both areas and numbers .show an excess in the western hemisphere as will be seen from the following 
tal)lB : — 



1923 January to June. 

East. 

West. 

' 

Percentage East. 



Total number obsei'ved 

1229 

1*258 

AChl 

! 



Total areas in square minutes 

345*8 

376*6 

47*9 



Meiallic ^^rominmce^. 


Only six metallic prominences were recorded during the half-year. 

All of them were on the west limb and their details are shown below : 

Table II.— List of Metallic promihbnobs observed at Kodaikanal, J and ary to June 1923. 


Date. 

Time 

I.S.T. 

Base. 

Latitude. 

Limb, 

Height. 

North. 

South. 

1923 

II. M. 

o 

0 

o 


n 

January 5 

8 45 

1 

11*5 


W 

15 

8 

8 52 

2 


3 

W 

10 

31 

9 19 

19 

10*5 


W 

65 

February 1 

9 12 

27 

18*5 


W 

65 

2 

8 54 

15 

18*5 


W 

80' 

14 

9 23 



0*5 

w 

40 


Lines. 


bi, bs, bs, b4, 5.31fi-8, 66.16 06, D,, Do, 6677 
4M4-1 6016, 6()18-6, b„ b^, bj, b*, 62087, 5276-2, 6316-8 
Di, JJa, 7UbO. ’ 

hi, b2, bs, bt, Di, D 2 . 

^ 6^77 7066 

4924-1, 6018-6, bi, b^, bj, bi, 6234-8, 5,316-8, D, D. 
4922-0, 49241, 5018-6, b , b., 4, b., 5197-8 Ws 
5276-2, 5316-8, 5.363-0, 6535-06; Dit o,, 6677, 7066^^®’ 


1-A 
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The distribution in latitude of the metallic prominencea was aa follows 




r - 10". 

11“ - 20“. 

Mean latitude. 

Extreme latitudes. 


North 

... 

4 

14“*8 

10"*5 and IS^f) 


South 

2 


l“-8 

0"*5 and 3” 


Displacements (\f the hydrogen lines. 
observed in the chromosphere and pi 

Table III. — Displacements op Hydrogen lines. 


Particulars of the displacements observed in the chromosphere and prominences are given in the f olio winir 
table 


Date. 


192S 

Januai’y 


Pebmary 



Time 

I.S.T. 

Latitude. 

Limb, 

Displacement. 


North. 

South, 

Red. 

Yiolet. 

j Both ways. 


H. 

M. 

O 

0 


A. 

A. 

A. 


8 

9 

12 


G 

E 

1 

1 


At bas^. 

4 

5 

11 

8 

34 

45 

2 

7 


W 

w 

2 

Slight 



At top. 

G 

G 

9 

9 

17 

19 

4 

8 


w 

w 

1 

1 


At base. 
Do 

G 

9 

22 

10 


w 


2 


Do 

G 

9 

20 

12 


w 

1 

Oh 

i 

To red at 

7 

8 

32 

84 


E 


Slight 

1 

7 

8 

8 

8 

9 

8 

48 

4 

52 

50 

51 

3 

W 

E 

w 

1 

Ih 

Oh) 

i 

At top. 

At base. 
Do. 

8 

9 

8 

10 

44 

50 

37 

G9\5 


w 

E 

1 

Oh , 



At top. 

9 

10 

55 

If) 


E 


Slight 



9 

10 

58 


22 

E 

Oh 



17 

18 

8 

8 

49 

54 


40 

35 1 

W 

E 

SUght 

1 


At top. 

19 

8 

35 

46 


E 

2 




19 

8 

37 

30 


E 

2 




19 

8 

44 

1 


E 


o-f) 



19 

20 

20 

2L 

21 

22 

8 

9 

8 

9 

8 

8 

27 

17 

4G 

7 

58 

35 

55 

75 

f) 

55-5 

82 

44-5 

W 

W 

E 

E 

w . 

E 

1 

ih 

Slight 

Slight 

0-5 

Slight j 

J 


At top. 

At base. 
Do. 

At top. 

22 

8 

4 

12-5 


W 




2.8 

8 

29 

23'5 


W 


Slight 



24 

24 

9 

8 

5 

54 

70 

58 6 

E 

E 

Slight 


At base. 

Dn 

28 

29 

9 

8 

13 

42 

llh 

49 


E 

E 


Oh 

1 

1 

X/Ua 

At top, 

Tin 

29 

9 

14 

8 


E 

Slight 

1 

-L/Ui 

30 

8 

40 

64 


E 

Do. 




31 

31 

9 

9 

28 

12 

5 

7'5 

W 

AV 

1 

1 


At base. 
Do. 

1 

1 

1 

1 

8 

8 

8 

8 

47 

44 

42 

50 

50-5 

56 

42 

9 


E 

E 

E 

W 

1 

1 

Slight 

Oh 


At top. 

At base. 

2 

8 

4G 

45-6 


E 

Slight 




2 

8 

35 

19 


W 

2 



3 

4 

9 

a 

2 

32 

83 

37’6 

W 

E 

1 

Slight 


At top. 

4 

8 

30 

66 


E 

Oh 



5 

. 9 

34 


34 

E 

Oh 





Remarks. 
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l)r\te. 

Time 

I.S.T. 

Latitude. 

Limb; 

Displacement. 

Bemarks 

North 

. 

. South 

Eed. 

Violet. 

Both ways. 

1923. 

H. 

M. 

o 

o 


A. 

A. 

A. 


February 5 

8 

58 

64 


W 

1 



At top. 

6 

8 

28 


35*5 

W 


Slight 



7 

9 

19 

52‘5 


W 

05 



At top. 

10 

9 

24 

83-5 


E 

Slight 




11 

8 

55 


2 

W 


Slight 



11 

8 

52 

77 


W 

1 



At base, 

12 

9 

4 


75'6 

E 

1 




13 

8 

20 

73 


W 



Slight 


14 

9 

23 


6 

W 

Slight 

0*5 



15 

8 

42 

68 


E 


Slight 



15 

9 

24 


18 

E 


1 


At base. 

16 

8 

27 

63 


E 

Slight 




17 

8' 

44 

46'5 


E 

Do. 




18 

9 

4 

30 


E 


Slight 


At top. 

19 

8 

48 


39*5 

W 


Do. 



22 

8 

58 

20 


E 

1*5 

2*5 



22 

8 

40 

23 


W 

1 



At top . 

23 

8 

30 

35*5 


E 

0*5 



Do. 

23 

8 

53 

14 


E 

0*5 



At base. 

23 

9 

4 


83 

W 

0*5 




23 

8 

44 


21 

W 


0*5 



25 

8 

42 

69 


E 

1 




25 

8 

46 

81 


W 


1 



26 ' 

8 

43 

65 


E 


Slight 



2() ' 

9 

2 

29 


E 


0*5 


At base. 

26 

8 

52 

15 


W 


2 


Do. 

27 

8 

39 

36-5 


E 

Slight 




28 

8 

47 


'79-5 

E 

3 




March 1 

8 

34 

60 


E 

0*5 




1 

8 

40 

57 


E 


0*5 


At base. 

1 

8 

37 

49 


E 

Slight 



At top. 

1 

8 

56 

50 


E 

0*5 




1 

8 

50 


1‘5 

W 


0-5 



1 

8 

44 

81*5 


w 

1 




2 

8 

28 

72 


E 


Slight 



2 

8 

36 


7*9 

E 


0*5 



2 

8 

31 

28 


W 

Slight 



At top. 

4 

9 

4 

16 


E 

2 



Do. 

4 

9 

6 


81 

E 

Slight 




4 

8 

52 

28 


W 


Slight 



4 

8 

50 

30 


W 

0*5 



At top. 

5 

8 

45 

82*5 


E 


Slight 



5 

8 

44 i 

71-5 


E 

Slight 




5 

8 

40 

50 


E 

0*5 



At top. 

5 

8 

52 

2 


W 

1 



Do. 

6 

8 

3<:) 


17*5 

W 

1 



Over whole height 30'^ 

6 

8 

45 

63 


w 


Slight 



7 

8 

40 

57*5 


E 


Do. 



7 

8 

46 

53 


W 

i 0*5. 




9 

8 

50 

14*5 


E 

1 

1-5 


To red at base ; to violet at top . 

9 

8 

27 

82 


W 


1 


At base. 

11 

8 

39 

49 


E 


! 0*5 


Do. 

12 

8 

30 

50 


E 


1 ‘ 


At top. 

14 ‘ 

9 

28 

52 


E 

1 



Do, 

14 

9 

24 

2 


W 


Slight 



14 

9 

14 

82-5 


W 


Do. 



16 

9 

7 

50 


E 


2 


At top. 

16 

9 

20 


50*5 

W 


. 0*5 



18 

9 

8 

22 


E 


Slight 


At base. 

19 

8 

32 

82 


E 

Slight 



At top. 

19 

8 

43 

69 


E 

Do. 




19 

8 

50 


79*5 

E 

1 

2 


To red at top to violet at base. 

20 

8 

32 

57*5 


W 


Slight 



20 

8 

32 

74*5 


W 


Do. 



21 

8 

58 

21-5 


w 

0*5 


- 

At top. 

23 

8 

30 

80 


E 

Slight 





2 
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Latitnde. 


Displacemeut. 


Date. 

Time 



Limb. 




Bemarks. 

I.S.T. 

North. 

South. 

Bed. 

Violet. 

Both ways. 




1923 

H. M. 

o 

9 


A. 

A. 

A. 


March 23 

8 28 

72*5 


E 

1 




23 

8 44 

48 


W 

2 



At top. 

23 

8 40 

58*5 


W 


Sliglit 


23 

8 34 

65 


w 


0% 



24 

8 37 

34*5 


B 

SHght 




24 

8 47 

59*6 


w 

Do. 




26 

9 8 

39*5 


E 

Do. 




25 

8 58 


8 

W 

Do. 




2(; 

8 46 

85-5 


E 

1 



At top. 

26 

8 44 

59 


E 


0'6 

> 

26 

8 40 

17*6 


E 

Slight 




27 

8 38 

9 


W 

Do. 

1 

' 

6 A to violet at 8h 50 . 

27 

8 36 

52 


W 

Do. 



At top. 

27 

8 34 

63 , 


w 


Slight 

: 

28 

a 47 


23 

E 

Slight 


At base. 

28 

8 37 



W 

0*5 



28 

8 32 

45 


w 

1 



At baae, 

29 

8 40 

70 


E 

0*6 



At top. 

29 

8 87 

49 


E 


Slight 


29 

8 43 

a3 


W 

1 


At top. 

30 

9 9 

81 


E 

Slight 



30 

9 16 

5.6 


E 

0*5 



At boae. 

30 

9 20 


67 

E 

Slight 



31 

8 40 

26 


W 

1 




April 1 

8 44 

55*6 

68*6 

W 

Slight 


' 


3 

8 2 


E 

Do. 


, 


4 

8 26 

79*5 


B 


Slight 



4 

8 41 

19 

76 

E 

Slight 



6 

8 34 


E 

0*5 




5 

8 25 


37 

W 

0*5 


Slight 


6 

8 43 

52*5 


W 


At top. 

7 

8 20 

16 


W 

0*6 



8 : 

8 32 

26 

41 

E 


Slight 



8 ! 

8 47 


W 


1 


At base, 

9 

8 50 

69 


E 

1; 



At top. 

9 

8 44 

26 


E 


Slight 


9 

8 42 

17 


E 


1 


At base. 

9 

8 55 

54 


W 

1 



At top. 

10 

9 10 

56 


W 


Slight 


11 ! 

8 40 

22 


E 


1 


At boae. 

11 1 

9 8 


0 

E 

Blight 



14 : 

8 26 


Azia. 

, 

Do. 




16 ' 

9 3 

9 


W 

0-5 




15 

9 8 

53 


w 


Slight 


At base. 

IG 

10 36 

54 


w 


Do. 


21 

9 12 

11 


E 


Do. 


At basoe 

22 

8 40 

34 


E 


Do. 


22 

8 47 

59 


W 


Do. 


At base. 

26 

8 18 

57-5 


E 


Do. 


26 

27 

8 20 

8 31 

53 

41 


E 

E 

1 

0*5 


At top. 

27 

8 40 

42 


W 


Slight 



29 

8 40 

64*5 


B 


Bo. 



29 

8 50 


64*6 

W 


1*5 


A.i top. 

29 

8 44 


.42 

W 

Slight 



30 

8 54 

46 


E 

Do. 




30 

9 16 


59*6 

W 


0*6 



JVlay 1 

8 30 

12 


E 


Slight 



1 

11 20 

79 


W 


Slight 


2 

8 46 

86 


E 


Slight 


2 

8 42 

69 


. E 

0*6 

1 


3 

8 55 

59*6 

71 

E 

Slight 


1 


8 

8 48 


W 

Do. 




4 

4 

1 

8 44 

8 48 

42 

71*6 


E 

W 


1 

Blight 


At top. 
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Date. 


May 


J one 


192 ,^ 


{) 

() 

() 

7 

8 
8 
8 
8 
9 
9 

10 

10 

11 

1-1 

18 

14 

14 

1 () 

17 

19 

20 
20 
21 
21 
21 
22 
22 
28 
24 
24 

24 

25 
28 
28 
29 
80 

1 

2 

2 

4 

5 
5 
() 

7 

8 
8 

10 

11 

11 

15 

10 

10 

18 

20 

20 

27 

29 

29 


Time 

IS.T. 


H. 


0 

48 


8 50 
8 48 
8 53 
8 48 
8 24 
8 80 
8 80 
8 85 
8 82 
8 % 

8 40 
8 82 
8 80 

9 10 
8 88 
8 85 
8 50 
8 51 
8 48 

8 54 
8 80 
1 ) 8 

8 48 
\) 2 

9 14 
11 20 

9 28 

8 84 
1 1 44 

9 45 
8 44 

8 48 

9 2 
8 54 
8 55 
8 54 
8 88 
8 80 

10 10 
8 50 

8 8P) 
IT .15 

9 58 
9 84 


Latitude. 


N'orth. South 


Limb. 


Displacement. 


Red. 


M. 


8 44 
8 53 
8 50 
8 81 
8 45 
8 40 
8 25 
8 85 
8 44 
8 52 
8 82 
8 40 


57 
51 
22 
07 

Equator. 

I 84 

41-5 


08-5 

80*5 


78*5 

00 

47 

79f) 


84‘5 
52 5 
07 
09 
41-5 
81 


17 

55 

40 


70 

58 


57 

58 

14 

22 

40 

01 

47-5 

49 

9 

52 


84 

84 

4 

84-5 


85 '5 
29 

80 


20 

15 

4 


88 

74 


68 

42 


18-5 


34 

81‘5 


81 

13 

25 


E 

E 

E 

E 

E 

W 

w 

w 

E 

E 

W 

W 

W 

E 

W 

E 

W 

w 

w 

w 

E 

w 

E 

E 

W 

W 

W 

W 

E 

E 

E 

W 

E 

W 

W 

w 

E 

E 

W 

W 

E 

E 

E 

E 

E 

W 

W 

E 

E 

E 

W 

w 

w 

w 

w 

w 

E 

W 


A. 

Slight 

Do. 

0-5 

1 

Slight 

Slight 

1 

2 

1 

0 5 
0 5 


Slight 

Do 

0‘5 

1 

1 


0 5 
0 5 


1 

1 

05 


0-5 

Of) 

1 

0-5 


1 

0-5 

Slight 


Violet. 


Both ways. 


Remarks. 


Slight 

Slight 

Slight 

2 

Slight 

Slight 

Slight 

Do. 

2 

Of) 

Slight 


Slight 

0 5 

Of) 

1 
1 

Slight 

Slight 

0-5 

Slight 

1 

Slight 

0-5 

Slight 
0 5 

Slight 


05 


Slight 

0-5 


0'5 


At base 
At top. 


At top. 
At top. 


At top. 


At base. 
Do. 

At top. 


At base. 
Do. 


At top. 
At base. 


At top. 
Do. 

At base. 


To red at top ; to violet at base. 
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The total number of displacements was 242, of which one was on the equator and the rest were 
distributed as follows : — 


Latitade. 

North. 

South. 


1°— 30° 

5.5 

25 


31°— 60° 

72 

19 


ai°— 90° 

52 

18 


Total . 

.. 179 

62 


East limb 



,,, 

127 

West limb 

• •• 


114 

Pole 

... 

••• ••• 

Total ... 

1 

242 


12G displacements were towards the red, 113 towards the violet and 3 both ways simultaneously. 

Eeversals mid displacements on the disc. 

Twenty-two bright reveimls of the H« line, 7 dai-k reversals of the D, line and 8 displacements of the 
Ha line on the disc were observed during the half-year. Their distribution is shown below : 



North. South. 

East. West. 

Bright reversals of Ha 

... 12 10 

9 13 

Dark reversals of Djj 

'4 3 

. 2 5 

Displacements of Ha 

3 5 

4 4 

Of the displacements, six were towards the red and the rest towards the violet. 


Prominences pripected on the disc as ahsnrption marhinOs. 

Photogi'aphs of the Sun s disc in Ha light were available from the co-operating observatories for a total 
of 174 days counted as IGCii effective days. The mean daily areas of Ha absorption mai-kings (corrected for 
foreshortening) in millionths of the Sun’s visible hemisphere, and the mean daily numbers are given 
below : — 



]Metm 

Menu 


daily 

daily 


ai’oas. 

uiimbers. 

North ... ... 

... 728 

5-2 

South 

... 331 

3-3 

' Total 

... 1059 

8-5 

For comptu'ison with previous bulletins issued prior to the co-operation of 

other observatories, the mean 

based on Kodaikanal photographs alone are also given, 162 days of observation being counted as 152i effective 

days. 




Mean 

Mean 


daily 

daily 


areas. 

numbers. 

North (Kodaikanal photographs only) 

.. 688 

4*8 

South Do. 

.. 301 

31 

Total ,, 

.. 989 . 

7-9 

These figures Indicate an increase of 7 per cent in areas and a decrease of 11 per cent in numbers compared 

■With the previous half-year. 
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The distribution of mean daily areas in latitude is shown in the following diagram. Compared with the 
second half-year of 1922 there is greater activity in the belt near 50° and in the southern hemisphere the 
maximum lias advanced 5 towards the pole. 



The absorption markings resemble prominences at the liznb in their western preponderance, the percent- 
age east being 48 08 for areas and dS'Sl for numbers. 

1 he thanks of the Director are due to the staffs of observatories at Mount Wilson, Meudon and Yerkes for 
the material they have forwarded to Kodaikanal and for the promptness with which they have responded to 
his recjnests. 


The Obsebvatory, Kodaikanal, 
1 7 th Ilarch 1924. 


T. ROYDS, 

Director, Kodaikanal and Madras Ohservatcmes. 


Price, 8 annat. 


MADRAS: PRINTED BY THE: SUPERINTENDENT. GOVERNMENT PRESS— 1824- 






BULLETIN No. LXXV. 


SUMMAEY OF PEOMINENOE OBSERVATIONS FOR THE SECOND HALF 

OF THE YEAR 1923. 


In accordance with a resolution of the International tt • 

the Kodaikanal Observatory has undertaken, with effect from 1st Januarv^mr?^*^^ ^leld in Eome in 1922, 
discussion of statistics derived from photographs of prominences and Labs’ f . “d 

All observatories taking Prominence and Ha spectroheliograiS of L T 

supplying copies of their photographs on those days when the Kodaikanal co-operate by 

In this Bulletin 11 & disc plates and 34 Ha disc plates from the imperfect or wanting. 

plates from the Yerkes Observatory have been used to supplement the re ^ prominence 

second half of the year 1923. The publication o available at Kodaikanal for the 

prominence Plates and 31 Ha plates Ln! nt^^ 

Have been lost in transit, they could not be included in L 

eventually, the data for this half-year will be corrected in a later bulletin ‘ P^^otographs turn up 

When incomplete or imperfect photographs from more tlnn r.uL ^ 
day, the liest photograph is chosen as representing the solar activity of tharday^afL 
to its quality, and the remaining photographs are ignored. ' ' ^ according 

lllG lUGcUl dtlily cirOHS cind llUmbcTS of prominGllCP^ dnrnTiry IL/i 

I^^^corrected for incomplete or imperfect observations, the total of 142 dlTberg TdL^f rilJ^XcdvI 


Nortli 

Soxitli 


Total 


Kean daily- 
areas (sq-uare 
minutes). 

2*20 

1*96 

4‘1() 


Mean daily 
numbers, 

7-89 

7*11 

15*00 


Compared with the previous half-year, areas show a decrease of 9 per cent mrl nnvr,n„ 

(i per cent in the northern hemisphere. In the southern hemisphere areas have d^ed h" pe "^1' 
numbers remain practically unchanged. ^ ^ 

IV o«m,»MOn v,ith p,,,io„s Mletta issued prior to the co-operation of other obserratories, th. means 

based on Kodaikanal photographs alone are also given, 135 days being counted as 108 effective days. 

Mean daily 

^ areas (square 

minutes). 

- 2 22 


Korth (Kodaikanal photographs only) 


Mean daily 
numbers. 


South 


do. 


Total 


1*96 

4*18 


7*98 

715 

1513 


73 
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Tha distribution of tlie prominences in latitude is represented in the accompanying diagram, in which 
-the full line gives the mean daily areas and the broken line the mean daily numbers for each zone of 5° of 
latitude. The ordinates represent tenths of a square minute of arc for the full line and numbers for tht* 
broken line. The distribution is similar to that during the first half of 1923, but there is a I’eduction in 
activity from the equator to latitude 30° in both hemispheres. 
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Table I. — Abstract for the Second half of 1923. 


Months. 

Number 
of days 
(effective.). 

Areas. 

Numbers. 

1 Daily Means. 

1 

Mean 

Mean 

Areas. 

Numbers. 

height. 

extent. 

July 


60*3 

178 

4*5 

13*0 

n 

35*5 

3-61 

August 

oo 

63-6 

285 

3*4 

15*4 

29*8 

3*26 

September 

m 

84-8 

334 

4*1 

1(3*1 

31*7 

3*42 

October 

16|: 

67-6 

251 

4*0 

15*0 

37*0 

2*80 

November 

25 

123'9 

390 

5*0 

15-6 

35*6 

4*08 

December 

1(31 

64*5 

244 

3*9 

14-8 

34*0 

3*51 

Third quarter 

63J 

208*7 

797 

3 9 

14*9 

31*9 

3*40 

Fourth quarter 

08 :i 

256*0 

885 

4*4 

15*2 

35*6 

3*56 

Second half-year 

112 

4(34*7 

1682 

4*2 

15*0 

33*8 

3-49 


Distrlhution east and loest of the Sun's axis. 

There is again a western preponderance of both areas and numbers as will be seen from the following 
table : — 


1923 July to December. 

East, 

West. 

Percentage East. 

Total number observed 

787 

896 

46*48 

Total areas in square minutes 

226'1 

239*6 

48-44 


Meialli c rominences. 


Only two metallic prominences were observed. Both of them were recorded in the month of November 
and their details are given below : — 

Table IL— List of Metallic prominences observed at Kodaikanal, July to December 1923. 


Date. 

Time 

I.S.T. 

Base. 

Latitude. 

Limb. 

Height. 

Lines 

North, 

South. 

1923 

H. M. 

o 

! 

o 

o 


u 


November 4 

9 11 

11 

30*5 

j 

East 

70 

Di, Da, 6677. 

10 

9 58 

3 

32*5 


West 

40 

bi, ba, bg, hi, 5316*8, Di, Da, 


1-A 
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Displacements qf tJie hydrogen lines. 
observed in the chromosphere and pr 

Table III. — Displaobmbnts of Hydrogen lines. 


Particulars of the displacements observed in the chromosphere and prominences are given in the following 
table : — 


Date. 

Time 

I.S.T. 

Latitude. 

North 

. South. 

1923 

H. M. 

0 

0 

July 6 

8 64 

13 


6 

8 67 


53 

6 

8 42 

24 


6 

8 36 

76*6 


14 

10 23 

19 


16 

9 16 

23 


17 

8 36 


42 

18 

9 12 

6*5 


18 

8 48 

22*5 


27 

9 42 


63-6 

27 

9 40 


69*5 

August 2 

9 36 

7*5 


16 

8 61 

79-6 


17 

8 40 

37 


17 

8 42 

71 


19 

8 46 


26 

19 1 

8 44 


1 7 

19 

8 41 

38 


20 

8 27 


63 

20 

8 20 

61*6 


21 

8 44 


2 

21 

8 40 

63-5 


23 

9 6 


40'6 

24 

9 15 

65*6 


24 

9 1 

31*5 


26 

8 50 


32 

28 

8 16 


23 

30 

8 42 


5 

31 

8 44 


21-6 

31 

8 48 

13 , 


September 4 

9 21 

1 


6 

8 62 

306 


9 

9 65 

63*6 


10 

9 15 


66^ 

10 

9 16 

24 


11 

9 -11 


46 

11 

8 67 


33*6 

12 

9 18 

a3 


13 

8 40 

17 


13 

8 37 

6 


13 

8 32 


30*6 

17 

8 44 

79-5 


19 

9 54 

24 


21 

8 34 


16 

2.3 

8 41 

7 


23 

8 40 

13 


24 

8 25 


19 

24 

8 36 


64 

26 

. -8 50 - 

38*6 


26 

8 61 

35*5 


26 

8 41 

25 


26 

8 32 

53 


27 

9 7 


77 

26 

8 45 


16 

30 

9 4 ■ 


53 


Limb, 


Displacement. 


Bed. 


Violet. 


Both ways. 


Remarks. 


E 

E 

W 

W 

w 

w 

E 

E 

W 

E 

B 

W 

E 

W 

W 

W 

w 

w 

■W 

w 

w 

w 

w 

E 

w 

E 

W 

E 

E 

W 


W 

W 

E 

W 

w 

E 

W 

w 

E 

E 

E 

W 

W 

w 

w 

w 

E 

W 

E 

E 

W 

W 

W 

E 

E 


A. 


0*5 

1 


Slmht 

Do. 

Do. 


0*5 


Slight 

Do. 

Do. 

Slight 

D5. 

0*6 

0*6 

Slight 


Slight 

Slight 

1 

Slight 


1*6 


Slight 

Do. 

0*6 

Slight 

Do. 

Do. 


0-6 

Slight 


Slight 

Do. 

Do. 

Slight 

Do. 


0*6 

Slight 


Sight 

0-6 

0*5 

Slight 

1*5 

1 

1 


0-6 
. 0-5 
0*6 

SUght 

0*5 

Slight 

0*5 

Slight 


A. 


Slight 


At base. 

At top. 

To red at top 5 to violet at base. 


At top. 
Do. 

At base. 
Do, 


At base. 
At base. 


At top. 
At base. 
At top. 
Do. 
Do. 

At base. 


At base. 


At top. 
At base. 
At top. 


At base. 
At top. 


At base 
Do. 


In chromosphere. 
At base. 
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Date. 

Time 

I.S.T. 

Latitude. 

1 

jNorth 

. South. 

1923 

H. M. 

o 

o 

'October 4 

8 69 


80-5 

5 

9 20 


25 

5 

9 12 


34 

5 

9 22 


34 

5 

9 4 

27’5 


5 

8 58 

52 


6 

8 30 


73 

6 

8 48 


22-5 

7 

8 29 

66 


7 

8 27 

82’5 ' 


8 

11 37 

52’ 


9 

9 43 

9 


9 

9 30 

4 


9 

9 33 

56 


12 

10 34 

6 


14 

10 47 

56 


15 

9 24 

65*5 


22 

9 20 

53 


30 

8 18 


8 

31 

9 25 


5 

31 

9 20 

51 


November 4 

9 11 

31 


5 

8 52 

51 


0 

8 43 

59*5 


8 

8 40 

39-5 


9 

9 20 

62 


10 

9 58 

32*5 


11 

9 8 

38 


11 

9 5 


70*5 

11 

8 67 

60 


12 

8 54 


37 

12 

8 38 

68 


IG 

9 4 

47 


IG 

8 52 

31*5 , 


IG 

8 38 

78*5 


18 

8 40 

28 


18 

8 34 

69 


19 

8 43 


40 

19 

8 35 

60 


20 

8 35 


64*5 

22 

10 3 

26 


26 

8 40 

87*5 


December 5 

8 35 

29 


11 

8 25 

56 


11 

8 22 


40 

11 

8 32 

44 


12 

9 00 


77 

12 

9 27 

82 


12 

9 28 

87 


18 

10 17 


70 

23 

9 20 

86»5 


23 

9 27 


24 

24 

9 6 


85*5 

25 

8 44 

63 


25 

9 00 


72 

25 

8 48 

82*6 


25 

S 38 

86*5 



Limb< 


W 

E 

W 

W 

w 

w 

E 

w 

w 

w 

E 

E 

E 

W 

E 

E 

W 

E 

W 

w 

w 

E 

E 

E 

W 

E 

E 

E 

W 

W 

\v 

w 

E 

w 

w 

w 

w 

w 

w 

w 

w 

E 

W 

E 

E 

W 

E 

W 

W 

w 

E 

W 

^Y 

E 

W 

W 

w 


Hed, 


2 

0-5 

1 

1 

Slight 


1 

0*5 

1 

0*5 


Slight 

1 

Slight 


1 

0'5 

Slight 


0*5 . 
Slight 

Do. 


0*5 


1 

Slight 


0-5 


05 

Slight 

0*5 


1 

Slight 

0'6 


1 

2 

2 

15 


Displacement, 

Violet. 


05 

0-5 

Slight 

Do. 

1 

1 

1 

0*5 

Slight 

0-5 

1*5 

Slight 

0-5 

Slight 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

05 

Slight 

Slight 

Slight 

Slight 


llemarks. 


Both ways. 


A. 


At top. 

At top; 2‘5 AatOh. 15 m 
At base. 

At top. 

At base. 


At top. 

At top. 
At top. 

At top. 


At top, 


To red at top to violet at base. 
At top. 


At base'. 
At top. 


At base. 
Do. 

At top. 


Slight 


To red at base ; to violet at top. 
Symmetrically widened. 


At base. 
At top 


At top. 

At top ; not seen at 9 h. 5 m. 
At top. 

At base. 
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The total number of displacements was 115, and they were distributed as follows : — 


Latitude. 

North. 

South. 


I0_3o=> 

25 

14 


31°— 60° 

30 

13 


6lo_90o 

19 

14 


Total .. 

74 

41 


East limb 

... 

... ... 

43 

West limb 
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Total 

115 


Fifty-five displacements were towards the red, 57 towards the violet and 3 both ways simultaneously. 

Reversals and di^lcic&ments on the disc. 

Thirty -three bright reversals of the TLa line, 10 dark reversals of the T)b Hue and 10 displacements o£ the 
Hr/, line on the disc were observed during the half --year. Their distribution is shown below : — 



North. 

South. East. 

West. 

Bright reversals of Ha 

17 

16 19 

14 

Dark reversals of Da 

5 

5 7 

3 

Displacements of Ha 

Nine displacements were towards 

... 6 4 6 

tbe red and one towards the violet. 

4 


Prmninences projected on the disc as absorption markings. 

Photograplis of the Sun’s disc in Ha light were available from the co-operating observatories for a total 
of 141 days counted as 124^ effective days. The mean daily areas of Ha absorption markings (corrected for 
foreshortening) in millionths of the Sun’s visible hemisphere, and the mean daily numbers are given 
below : — 





Meau 

Mean 




daily 

daily 




areas. 

numbers. 

North 

... 

... • . * . 

.. 1)44 

5'4 

Sonth 

... 



.. ... 594 

47 




Total ... 1238 

101 


These figures indicate an increase of 17 per cent in total areas and 19 per cent in numbers compared with 
the previous half-year. 

For comparison with previous bulletins issued prior to the co-operation of other observatories, the means 
based on Kodaikanal photographs alone are also given, 114 days of observation being reduced to 92 effective 


days. 


Mean 

daily 

areas. 

Mean 

daily 

numbers. 


North (Kodaikanal photographs only) 

... • 479 

5-1 


South do. 

... 621 

4*9 


Total 

... 1100 

10-0 



ritllLoTitks oftk& Salt’s l/isihle Hemispk 
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The distribution of mean daily areas in latitude is shown in the following diagram and is similar to 
that for the first half of the year except that the maximum occurs at 50° — 55° in both hemispheres and the 
minimum at 30° — 40° is less marked : — 



Unlike prominences at the limb, the areas of absorption markings show an eastern preponderance, the 
percentage east being 53’03. In the ease of numbers, however, the eastern percentage is only 48'58. 

The Director wishes to thank the co-operating observatories for the photographs they have supplied. 

The Observatory, Kodaikanal, T. EOYDS, 

llth Novomher 1924. Director, Kodaikanal and Madras Olmrvatories. 


Price, 8 annas. 
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BULLETIN No. LXXVI. 


SUMMARY OF PROMINENCE OBSERVATIONS FOE THE FIRST HALF 

OF THE YEAE 19.24. 


Ill i-misudiKti ol till' iH'iigrauime of work adopted since 1st .lamiary under the •iiisnices of (lie 

International Astronmnieal Union, all oteervatories taking prominenc-^ and Hr/~snertrnT 

liMvt- hf»on iMwni.^wLwi fr- .A 4 -a-, .a 1 ^ 101111114110 .. ciiiti tifi .spectrolielio^TamH ot the Sun 

oil inohc (1.1>S wlien tlie Iviidiiikanal records are imperfect or wfintn^o’ u. . . ; 

the Hr.st half of tlie year V.m tlie Mount Wilson Oh« i <iutin^.. In response to our reipiirements for 
:iT davs and \hi ,lise nl.,n • f n i ' 7r T Pi-ominence plates in calcium K light for 

. ll' I V V ’" , “I If- l-Wes to, 23 ,1,,,., o„., Ho d.»c 

, , I I I, If r " “"“•'7 P.™>»..oooo O, 3 ,I»,V 0 , N„ nue, ™,o ,o„.ioitio,.e,l 

,|.|v r. than m„ obscMotr »o .m,il„Ho f„, a„ 

I. J , III, »s reproaentinK Hie Boh, oelivitj. art ihy iifte, vieigliliiiB It ,coo„lin.- 

to its (luality, and tlie remainiiiji*' photographs are ignored. 

Tim meaii dally areas and numbers of prominences during the half-year are given below. The means 

a e corrected lor incomplete or imperfect observations, the total of LSO days being reduced to 1(;2 efl'ective 
< lays. 

Mean daily 


Nortli 

South 


Total 


Mean daily 
areas ^ square 
minutes). 

2-(;2 

2*08 

4 - 7 () 


numbers. 

810 

TU 

1514 


(lompared with the secmid half of the year 192.^, areas show an increase of 19 per cent in the northern 

lemispheia' and h per cent in the southern. In the case of numbers, there is an increase of 3 per cent in both 
the luunispheros. • 

^ I'lP' ««iiiparis(m with Inilletins issued prior to the co-operation of other observatories, the means based on 

Kodaikanal photogniphs alone are also given, 170 days of observation being counted as 150i effective days. 

, Mean daily 
areas (square 
minutes). 

North (Kodaikanal photographs only) 2‘71 

South do. 216 


Mean daily 
numbers.' 


8*43 

7*59 


Total 


4*87 


16*02 


81 
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The distiibutiou of the promineiiceB in latitude is repeeseuted in the accompanying diagram, in which 
the full line gi-ces the mean daily areas and the broken line the mean daily numbers for each zone of n® or 
latitude. The onlinates rtspresent tenths of a square minute of arc for the full line and nnmbers for Un- 
broken line. The curve shows an increase of activity in the lower latitudes and a slight advance towards tin- 
poles, coin])ared with the previous half-year. 



The montlily, quarterly and half-yearly areas and numbers, and the mean height and mean extent «»f 
the prominences on photographs from all the co-operating observatories are given in table I. The unit of iu-«i 
is 1 square minute of arc. The mean height is derived by adding together the greatest heights reached by 
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inclividiial pTOminences and dividing by the total nnmbei' of prominences observed ; the mean extent is 
derived by adding together the lengths of the base on the chromosphere of individual prominences and 
dividing by the total number of prominences. 


Table I. — Abstract for the first half of 1924. 



Months. 

Number 
of days 
(effective!. 

Areas. 

Numbers, 

Daily 

Means. 

• 

Mean 

Mean 


Areas. 

Numbers. 

height. 

1 

extent. ; 


J anuary 

m 

142-4 

; 484 

5-2 

17-8 

32-1 

! 

S-76> 


F ebriiary 

2f.i 

150-0 

448 , 

5-7 

16-9 

■68-1 

6-85 


March 

'29 

1J8-4 

465 

4-4 

15-0 

66*1 

6-77 i 


April 

281- 

idd-0 

440 

4-7 

15-4 

62-0 

6-98 


May 

: 

109-4 

6)82 

4-1 

14-1 

67*4 

! 4-02 


J uue 

1 m 

98-8 

616 

4-2 

16-1 

66-6 

4-45 

! 


First quarter 

S2f 

420-8 

1.667 

1 

5-1 

lfi-5 

6,6-6 

1 H-80 ^ 

L ■ 


Second quarter 

7<B- 

B41-2 

1165 

4*6 

14-6 

34-y 

i 

I 4-12 

1 

1 



First half-year 

1()2 

762-0 

2502 

4-7 

15-4 

64-2 

1 

; 6*94 



Distribution east and ivest of the Sun’s axis. 

Both areas and numbers continued to show a westifn preponderance as will be seen from the following 
table ; — 



1924 January to June. 

East. 1 

West, 

Percentage Eavst. 



Total number observed 

1187 

] 

1.315 

47-44 



Total areas in square minutes 

380-(i 

381-4 

49-94 



Metallic prominences. 

No prominences showing metallic lines were observed during the half-year. 


1-A 
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DUplammntR tJw hydrogen lines. 

Particulars of the displacements observed in the chromosphere and prominences are given in the f ollowin.y 
table : — 

Table II. —Displacements of Hydrogen lines. 


January 


February 


Latitude. 


North. South. 


8 

68 1 

42 


8 

34 i 


56*6 

8 

32 


73f) 

8 

43 

81*6 


8 

69 

48-5 


9 

4 

36 


8 

54 


. ()8*5 

\) 

6 

56*6 


9 

12 


76 '6 

8 

44 


6 


8 34 76-6 
8 46 64-6 


8 51 

8 37 60*5 


11 28 83*6 

11 24 62 


8 60 77‘5 
8 64 66*5 


9 4 

9 2 

8 46 67 


Pisplacoiiieiit. 


Red, Violet. Both ways. 



Remarks. 


At base. 
At top. 


At base. 


To rod at top ; to violet at base 


At top. ’ 
At base. 
At top. 
Do. 

At base. 


At top. 
Do. 


At base. 


At top 
At base. 


At top. 
Do. 
Do. 


More towards violet. 
At top, 

Do. 

Do. 


At top. 


At top,’ 
At base. 


At top. 
Do. 


At top. 
At base. 


At base. 
At top. 





Latitude, 


Displacement. 


Date. 

1 

Hour 

I.B.T. 



Limb. 





lieinarks. 

I 


N'orth. 

South. 


Heel. 

Violet. 

Both ways. 


1924 

IT. M. ' 

» 

O 


A. 

A. j . A. 


February 1 0 

K 41 ‘ 

84-5 


E 

0*5 


At top. 

10 

8 48 ; 

88 


W 


0*5 

At base., 

11 

8 48 j 

16 


w 


Slight 


1‘2 

9 40 i 

86*5 


E 

1 



12 

f) 51 1 


16 

W 

0*5 


At top. 

12 

0 47 ' 

69 


W 


Slight 


15 

0 0 : 


88 

E 

0*5 



15 

8 50 ^ 


40*5 

W 


Slight : 


1() 

8 80 ! 

1 


W 


Do. i 


17 

8 44 i 

79-5 


E 

1 

Do. 


17 

8 40 ; 

54f> 


E 


0*5 

At base. 

IS 

11 49 


845 

E 

0*5 ! 


At to I ) 

21 

8 40 

41-5 


E 

; 

Slight ; 


21 

9 1 

12 


E 

0*5 , 


At base. 

21 

8 45 

57-5 


W 

0*5 I 


At top. 

22 

8 35 i 

28 


w 

1 

1 


2H 

8 44 : 

48’5 


w 

Slight 


At top. 

24 

8 52 I 

62 


E 

0-5 


Do. •: 

25 

10 5 ' 


55*5 

E 

Slight 



25 

10 6 


57*5 

E 


0*5 

At top. 

2(> 

8 85 1 


75 

W 

Slight i 



27 

9 8 


85*5 

W 

1 


At top. 

2S 

8 52 i 

88*5 


E 


Slight 1 


28 

9 20 ' 


70*5 

W 

0*5 


At base. 

28 

9 () 


24 

W 

1 

( 

! 

At top. 

28 

8 57 ! 

69 


w 

0*5 

( 

Do 

28 

8 55 1 

80 


w 

1 

n-5 1 

At base. 

Marcli, .8 

8 50 

82*5 


E 

1 

i 


4 

9 8 

58 5 


E 

Slight 

1 



4 

9 6 1 


4 

E 


Slight j 



7 

8 50 ! 

25 


■ E 

0*5 

■: 

■ 


7 

5) 18 I 


64*5 

E 

Slight 



7 

9 4 i 


54*5 

W 


0*5 

At base. 

7 

9 0 

25 


w 

0*5 


At top , 

0 

8 86 

59*5 

i 


1 



Do. 

0 

8 58 


68 

\ ^ 

Slight 




10 

8 58 

80 


E 

1 



10 

8 50 

68 


E 

1 




11 

8 24 

60-5 


W 


Slight i 



18 

8 52 

70 


E 

0*5 



At top. 

18 

9 9 


46*5 

E 


1 


Do. 

18 

9 11 


82 

W 


0*5 


At base. 

K) 

8 28 


78 

VV 


Slight. 



17 

9 4 

59-5 


E 

Slight 



At top. 

18 

8 40 


24 

E 

Do. 




18 

8 81 

84-5 


W 

0*5 


, 


20 

9 6 


70*5 

W 

1 



At top. 

22 

10: 52 

87 • 


E 

0*5 



Do. 

22 

11 6 

71 


W 


Slight 



28 

8 48 

25 


E 

0*5 




24 

8 88 

62 


E 

1 



At top. 

24 

8 40 

29*5 


E 

0*5 




24 

8 59 


50*5 

E 


0*5 


At top. 

25 

8 41 

18 


E 

0*5 




25 

8 40 

Equator. 

W 


Slight 



27 

8 51 

58*5 


E 


Do. 



April 8 

S 52 

52*5 


W 


1 


At base. 

r 

8 49 

76 5 


W 


Slight 


Do. 

4 

8 81 

! 47*5 


W ‘ 


2 



5 

8 25 

1 60*5 


E 

Slight 




5 

8 17 


82 

E 

Do. 




5 

8 80 

i 

1 

34*5 

W 


Slight 



() 

8 84 

i 66*5 


E 

Slight 




() 

8 47 

1 

60*5 

W 


0*5 


At base. 

(> 

8 46 

i 

52'5 

w 


0*5 

1 
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Date. 

Hour 

Latitude* 

- r 


Displacemeiit. j 

1 

Remarks. 

I.S T. 

N 

orth. S 

1. 

outh, 

nmb. " 

Bed. 1 

Violet. 

Doth ways. 

1024 

H. jr. 

0 1 

0 


A. 

1 

A. 

A. 


April 0 

8 42 

12 


W 


Slight 



7 

8 43 

50-6 


■W 1 

1 



At top. 

8 

8 33 

70 


w 


Of) 



10 

8 48 

65-5 


E 

0-5 




10 

8 50 

83 


W 

0-5 




13 

8 46 ' 

63*6 


E 

0*5 



At top. 

13 

8 28 

11 ■ 


, E 

0*5 




13 

8 52 

81-6 


W 


Slight 


At top. 

16 

8 34 

60-6 


E 

Slight 




16 

8 42 

50-5 


W 


Slight 



20 

9 6 


44 

E 

1 



At base. 

22 

8 61 

Equator. 

E 


Slight 



24 1 

9 21 

42 


E 

Slight 



At base. 

•24 1 

9 10 


22 

W 


Slight 


Do. 

25 j 

il 24 

79 


w 

1 



At top. 

'26 

9 21 

19 


w 

Slight 



Do, 

27 1 

8 38 

17 


E 


0-5 


At base. 

27 

n. 15 


r)4’5 

E 

0*5 



Do. . 

27 

8 56 


32 

W 

1 



At top. 

28 

8 42 

80 

‘ 

E 

Slight 




28 

8 54 


28 

W 


0‘5 


At base. 

29 

8 41 


20 

W 

Slight 



At top. 

29 

8 32 

85 


w 

0-6 


- 

Do. 

30 

9 31 


79 

E 

1 



At base. 

30 

5) 19 

18 


W 

Slight 



At top. 

May 1 

1 9 27 


18 

E 


Slight 


Do. 

1 

9 26 


24 

E 


0*5 


Do. 

2 

8 42 

61*6 


E 

Of) 



Do. . 

•2 I 

9 2 

rni 


E 

- Slight 




4 

9 16 1 

41 


E 

0*6 




(> 

8 27 

86*6 ' 


E 

Of) 



At top. 

0 

.8 23 

53 . 


E .. 


1 0^5 : 


j At base. 

0 

8 15 

4 


E 


1 


At top. 

() 

8 34 


6 

W 

0-6 




fi 

8 41 

21 


E 


0*5 


At base. 

0 

8 62 

16 


E 


Slight 


Do. 

0 

9 20 


23 

W 

Slight 




11 

8 69 

15 


E 

1 

1 


At top. 

n 

9 7 


■ 31 

E 

0'6 



Do. 

13 

8 42 

18 


E 


0-5 


At base. 

16 

9 12 

56fj 


E 

0-5 




17 

10 40 


3() 

E 

05 



At base. 

18 

9 46 

36 


E 


Of) 


Do. 

10 

9 12 

39 


W 

1 



At top. 

20 

8 30 

63 


E 


Slight 


At base. 

20 

9 16 

20 


B 

1 



At top. 

24 

9 30 


, 23 

W 

1 




26 

11 4 


30 

W 

1 



At top. 

26 

11 0 


13 

W 

0-5, 



Do. 

.. 

: 8.-47: 

, au 


...„E-.. 

. Slight: 


^ ^ *. - - 


21 

8 " 50 

65-5 


W 


Slight 


Do. 

30 

9 10 


60 

E 

1 



At base. 

31 

i 10 10 


m 

• E 

2 



Do. 

June 6 

10 40 

30 


W 

05 




8 

9 24 

31 


E 

' 

1 


At base. 

9 

9 32 


, 36 

E 

0*5 



Do. • h. m. 

19 

' 9 1 

82 


B 


Slight 


Do. J 0*5 A to Red at 9 23 

19 

9 14 

26-5 


W 

0*6 




22 

10 60. 

78 


E 


Slight 



24 

8 58 

35 


W 


Do. 



26 

9 9 

16 


E 

Slight 




20 

8 45 

86*5 


E 

Do. 




29 

8 64 

70 


W 


Slight 


At base. 

, 30 

8 54 

83-5 


E 

1 



At top. 

30 

9 6 

32 


W 


Slight 



30 

8 68 

56 


W 


0-5 

]__ 

At base. 
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The total number of displacements 

was 188, of which two were on the 

eQuator and the rest were distri' 

buted as follows : — 

Latitude. 

North. 

South, 


1°— 30° 

26 

21 


31°— 60° 

43 

22 


61°— 90° 

57 

17 


Total 

... 126 

60 


East limb 


• • • 

... 101 

West limb 



87 



Total 

• 188 


One hundred and five displacements were towards the red, 82 towards the violet and one both ways 
simultaneously. ^ 


lievermls and dispktcemenU on the disc. 

Forty-three bright reversals of the Hr^ line, 25 dark reversals of the Dg line and 17 displacements of the 


Ha line were observed during the half-year. 

Their distribution is given below 
North. South. East. 

West. 

Bright reversals of Ha 

24 

19 

19 

24 

Dark reversals of D;^ 

11 

14 

9 

16 

Displacements of Ha 

8 

9 

8 

9 


Fourteen displacements were towards the red and the rest towards the violet. 


Prominences projected on the disc as absorption markings. 

Photographs of the Sun’s disc in Ha light were available from all the co-operating observatories for a 
total of 179 days, which were counted as 173 effective days. The mean daily areas of Ha absorption markings 
'(corrected for foreshortening) in millionths of the Sun’s visible hemisphere and the. mean daily numbers 


are given below : — 

Mean 

Mean 


daily 

daily 


areas. 

numbers. 

North 

769 

■G’O 

South 

772 

5T 


Total ... 1541 

11*9 


Gompaied with the previous half-yeai% areas have increased by 19 per cent in the northern hemisphere 
•and by 30 per cent in the southern. In the case of numbers there is an increase of 11 and 26 per cent res- 
pectively in the two liemisplreres. The greater pei*centage of increase in the southern hemisphere has resulted 
•in an equalization of activity in the two hemispheres. This is at variance with prominences at the limb which 
show during the period under review a distinct northern preponderance. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means based 
on Kodaikanal photographs alone are also given, 161 days of observation being reduced to 155 effective days- 


Mean 

Mean 

daily 

daily 

areas. 

• numbers. 

♦ 756 

6*1 

..^ 770 

.5*9, 

Total ... 1526 

12T 


North (Kodaikanal photographs only) 
South do. 



cjthe Sans Visible Hcirdspkere 


Tlu* ilistrihiilion oli the* moan daily iiroas in latitude is shown in the following diagram and is essentially 
siuiilar t(» limt of proiniiu'iKU’s at the limb iu point of regions of activity. 



As hi the of xironiintaicoH at the limb, the absorption mai’kings show a wesieni prepoudminee Ibo 
povoimtago oiiHl boiriM *i7’dl for areas aii<l -hVofl for niuubcn’S. 

t)tir Mianks art* dm* to tbo co-operating observatories for the photographs supplied by tbeni* 


THM (InSKRVATlUlV, ICODAIKANAL, 
l:Uli March 


A. A. NARAYANA AYYAR, 
Ammtant hi Oliarde., Kudailmnal OhHcvvaUa'y. 







Prick, H annax 
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BULLETIN No. LXXVII. 


SUMMAEY OF PROMINENCE OBSERVATIONS FOR THE SECOND HALF 

OF THE YEAR 1924. 


In pursuance of the programme of work adopted since 1st January 192J under the auspices of the 
International Astronomical Union, all observatories taking spectroheliograms of the Sun have been asked to 
co-operate with the Ivodaikanal Observatory by supplying copies of their photogiaphs on those days when the 
(xaikanal records ^ imperfect or wanting. In response to our requirements for the second half of the year 
U.4 the Mount Wilson Observatory sent prominence plates for 5G days and Ha disc plates for 42 days; 
Meudon Observatory sent K, disc plates for 115 days and Ha disc plates for 23 days and the Heliophysical 

stitute at Utrecht sent Ha disc plate for one day. No iilates were asked for from the Yerkes Observatory 
during the half-year. 

When incomplete or imperfect photographs from more than one observatory are available for the same day 
the best photograph is chosen as representing the solar activity of that day after weighing it according to its 
quality, and tlie remaining pliotograplis are ignored. 

The mean daily areas and numbers of prominences during the half-year are given below. The means 

are corrected for incomplete or imperfect observations, the total of 180 days being reduced to 159 effective 
days. 


North 

South 


Mean daily areas 

Mean daily 

^square minutes). 

numbers. 

2-97 

7-li() 

2-0(; 

6’37 

Total ... 5t)3 

14-03 

areas have increased by 13 per cent in the northern he 


cent in the southern. The activity wasauore pronounced in the northern hemisphere in the case of both areas 
and numbers. 

For comparison with bulletins issued i3rior to the co-operation of other observatories, the means based 
on Kodaikanal photographs alone are also given, 14S days of observation being counted as 125i effective days 


North (Kodaikanal photographs only) ... 
South do. 



Mean daily areas 

Mean daily 


(square minutes). 

nninbers. 


3-23 

2-33 

8*14 

6*92 

Total . 

5-50 

15*0() 


89 



90 


The distribution of the prominences in latitude is represented in the following diagram, in which the full 
line gives the mean daily m^eas and the broken line the mean daily numbers for each zone of 5° of latitude. 
The ordinates represent tenths of a square minute of arc for the full line and numbers for the broken line. 
The distribution is pmcticalJy similar to that during the previous half-year, except for an increase of activity 
in the northern hemisphere. 
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derived by adding together the lengths of the base on the chromosphere of individual proinhiences and 
dividing l)y the total number of prominences. 


Table I. — Abstract for the second half of 1924. 


Moiitlis. 

Number 
of days 
(effective). 

Areas. 

Number.s. 

Daily Means. 

Mean 

Mean 


Areas. 

Numbers. 

height. 

extent. 

■ 

11)24 






(f 



July 

2(0. 

91)'() 

SSI 

S’8 

12*5 

B0*1 

4*22 


August 


1187 

SIO 

4*5 

1F7 

37'G 

4*14 


September 

27 

11 FI 

S.07 

4*1 

1S*2 

84*0 

4* 10 ! 

October 

2lD 

|7|)-1 

1 

4St) 

0*4 

10*5 

87*2 

5*82 


November 


ILDT) 

Si)l) 

tvo 

15*0 

40*4 

4-57 


December 

2() 

UFl 

S9S 

5*4 

15*1 

84*4 

4*57 


Tliiril quarter 

80 

H29’4 

I 

1)1)8 

I 

4-1 

12*5 

80*0 

4*15 


.Fourth quarter 

7!,) 

4707 

1228 

()*0 

15*5 

87*8 

4*84 


Second half-year 

15!) 

HOO'l 

2220 

5*0 

■ 14*0 

80*8 

4*58 



Didrlh'utum md and ivest of the Sun's axis. 

There was an excess of prominence areas in the eastern hemisphere and of numbers in the western. The 
figures are given behny : — 


11)24 July to December. 

East. 

West. 

Percentage East. 


Total number observed 

1095 

1181 

49-2 


Total areas in square miiiutes ... 

423-8 

870-8 

58*0 




92 


Metallic prominences. 

Details of the metallic prominences observed during the half-year are given in the following table : — 


Table II. 

Table II.--Listof Metallic prominences observed at Kodaikanal, July to December 1924. 


Date. 

Time 
I.S.T. , 

Base. 

Latitude. 

Limb. 

Height. 

Lines. 

North. 

1 

South. 

1924 

H, M. 

1 


0 


n 


July 3 

10 50 

a 1 


30 

E 

30 

Di, Da- 

September 21 

8 47 

, 

20 


W 

21) 

til bq, ba, Di, Da* . 

October 3 

8 25 

5 


29*5 

E 

20 

5010, bi, b„ b,, b., 5316-8, D„ D., (i077, 7005. 

4 

9 48 

1 . 

33*5 


E 

10 

bj, ba.bj, bj, Di,D.. 

November 14 

8 57 

2 

29 


E 

20 

bi,b.,b8,b*,Di,D.. 

15 

9 52 

2 

29 


E 

11) 

5018-6, b„ b., bj, K 5310-8. D„ D„ 0077, 7Q6.5. 

18 

8 56 


30 


E 

15 

bi, b», bj, b*, Di, D„ 6077, b, being very marked. 

20 

8 42 

2 

27 


W 

■ 20 

4924-1, 5018-6, bi, b., b,, b., 5316-8, D,, D,. 

December 1 

8 60 


24 


■w 

15 

4ti24-l 5010,- bi, b., bj, b., 531()-8, 5.30.3-0, T)i. H., 








6677. 

G 

8 55 


22 


E 

25 

4024-1, b], b., bj, b., 5.316-8, Di, D., 0077. 

28 

8 42 

‘2 

25 


W 

]0 

4924-1, 6010, 6018-0, K b„ b„ b., 5234-8, 5316-8, D,, 








D., 0077, 7006. ^ 

29 

9 10 

3 

26-5 


w 

10 

6010, 6018-0, bi, bi, b*,bi, 5276-2, .5310-8, 53().3’0, Di, 


i 


1 

1 




Di. 


All the metallic prominences were in high latitudes as will be seen from their distribution in latitude 
given below : — 



110.20'^ 

'2r-30" 

3P-40“ 

Mean 

latitude. 

Extreme 

latitudes. 

North 

1 

8 

1 

2«°‘.5 

20“ ana.3a“-5 

South 

... 

2 



2{)°-8 

29“‘5 and 80“ 


Seven were on the east limb and five on the west. 


Displacements the hydrogen lines. 

Particulars of the displacements observed in the chromosphere and prominences ai*e given in the following 
table 

Table III. — Displacements op Hydrogen lines. 









I 

I 


• i 
. =1 
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Date. 

Hour 

I.S.T. 

Latitude. 

Limb 

Displacement. 

Remark.^. 

N orth 

Soutli 

Red. 

Violet. 

1 Both ways. 

1924 

H. Al. 

o 

c 


A, 

A. 

A. 

j 

July () 

9 3 


78*5 

E 


Slight 

1 

At top. 

() 

8 44 

84*5 


W 

1 


1 Do. 

7 

8 38 

53 


W 

Slight 


1 Do. • 

2() 

11 21 

49-5 


E 


05 


! Do. 

29 

8 41 

47 


W 


Slight 


1 

29 

8 37 

70 


W 


2 



:n, 

10 32 


54 

E 

1 


1 At top. 

August 1 

8 51 

35 


W 


Slight 

i 

3 

9 IG 

5%5 


E 


f 

1 At top. 

4 

11 45 

24 


W 

0*5 


Do. 

18 

10 50 


17-5 

W 

1 

0*5 

To red at top ; to violet at base. 

18 

10 45 

74’5 


W 


0*5 

i At base. 

18 

10 42 

78 


W 

1 


At top. 

19 

9 32 


14 

W 

3 

1*5 


25 

8 48 

70 


W 


Slight 


At base. 

28 

10 33 

61 


E 


r 


At top. 

29 

8 45 

3)0-5 


W 

2 



31 

10 22 

51 


W 


0*5 

! At base. 

31 

10 20 

81 


W 

0*5 


1 At top. 

September 1 

9 3G 

81’5 


W 


0*5 

1 At base. 

5 

11 19 


(55 

W 


Slight 

■ Do. 

5 

11 12 


67 

W 

0*5 


At top. 

G 

9 40 

21 


W 

05 

1 

j To red at top ; to violet at base. 

7 

\) 0 

62 


E 

Slight 


1 

7 

9 7 

13 


E 


()*5 

1 At top. 

7 

9 14 

20 


W 

1 


i Do. 

7 

8 55 

2() 


W 

4 


No prominence. 

10 

9 7 

11 


W 

0*5 


1 At top. 

11 

9 10 


28 

W 

1 


^ Do. 

11 

9 0 

40 


W 


Slight 


At base. 

12 

8 45 


42*5 

E 


Do. 



11) 

8 41 

49'5 


W 

Slight 




21 

9 () 

71*5 


E 


Slight 



21 

8 28 

67 


W 

0*5 




21 

8 .34 

78-5 


W 

Slight 




28 

8 44 


33-5 

w 

Do. 




October 2 

' 8 50 

Axis. 



1 



At top. 

3 

8 25 


32 

*E 

2 



At base. 

3 

8 25 


27 

E 


1 


At top. 

4 

9 40 


4*5 

E 


Slight 



4 

9 30 


27*5 

E 

1 

1 


To red at base ; to violet at top* ■ 

4 

9 27 


37 

E 


Slight 


At base. 

5 

8 48 

19 


W 


Do. 


No prominence. 

5 

8 46 

36 


W 

1 



At top. 

() 

9 50 

14 


W 

1 



Do. 

10 

8 34 

79 


E 


Slight 


No prominence. 

10 

8 54 


74 

W 

1 



At top. 

10 

8 52 


37*5 

W 

1 



Do. 

12 

8 38 

64'5 


w 


0-5 


At base. 

14 

8 44 

36 


w 

1 



At top. 

19 

9 2 


34 

w 

Slight 



Do, 

20 

8 34 

8‘6 


w 

Do. 




23 

9 4 


64*5 

w 


Slight 



23 

8 55 

63 


w 

Slight 



At top. 

• 24 

9 2 

7 


w 


0*5 



November 7 

8 46 


40*5 

w 


Slight 

' 

At base. 

10 

10 9 

.67 


w 

1 



At top. 

13 

11 50 

20 


E 

1*5 



Do. 

14 

8 47 


62 

E 

Slight 




15 

9 39 

22 


E 


1 


At top. 

15 

9 39 

20 


E 


0*5 


Do. 

IG 

8 42 

21 


E 

Slight 




18 

8 55 

30 


E 

6 

2 
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Roniarks. 


In oliromospliert,*. 

At top. 

At base. 

At ton. 

Do. 

At bnHo. 

To red iit basei to violet jil top. 
No prominence. 

At btiBe. 

At top. 

At base. 

At top. 

Do. 


At top. 
At baHo. 
At top. 
At baHe. 
Do. 

At top. 

At top. 
Do. 

At baHo. 
At top 


At biwe, 
At top. 
At base. 
At top. 


At top. 
Do. 
Do. 

At base. 

Do. 

At top. 
Do. 
Do, 

At baKe. 
At top. 
At base. 
At top, 
Do. 
Do. 


At base. 
At top. 
Do. 

At baHe. 
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The total number of displacements Avas 141, which were distributsd as folloAvs : — 


Latitude. 


North. 

vSouth, 


1^—30° 

... 

.. 41 

17 


31''— 60'' 


.. 24 

16 


(;io_9()0 


30 

13 



Total . 

.. 95 

46 


East limb 



• • » 

49 

West limb 


• • 


91 

Pole 


.. 


1 




Total .. 

‘ 141 


Eighty disi)lacemeiits Avere towards the red, (*)() tOAvards the violet and one both ways simultaneously. 


licu.'ersals mid dis 2 )la^^ on the disc. 


One hundred an<l fifteen bright reversals of the Ha line, 49 dark reversals of the D., line and 34 displace- 
ments o;(. the Eh/- line were ol)served on the disc during the half-year under rei)ort. 

Their distril:)nti()ni is given below : — 



Nortli. South. 

Ease 

West. 

Bright reversals of Hr/- 

'.14 21 

61 

.54 

Dark reversals of D;] 

4;:5 « 

32 

17 

Displacements of Hr/- 

;];() 4 

18 

16 


Of the disidacements, '23) were towards the red, <S toAvards the violet and three both Avays sim'altaiieously. 

Frotiunences projected on the dhe a.s admrpdion riiarkingH. 

Pliotographs of the Sun’s disc in Ka light Avere available from all the Go-oi)erating observatories for a 
total of 17() days, wliich were counted as 167 effective days. The mean daily areas of Ha absorption markings 
(corrected for foresliortening) in millionths of the Sun’s visible hemisphere and the mean daily numbers 
ar(‘ given l)elo w : — * 


IMeaii Mean 

daily daily 

areas. numbers. 

North ... 1470 10 8 

South ... ■ ... 828 ()M 


Total ... 2298 ItlD 


The above ligui'es indicate a large increase of botli areas and numbe.i'S in the northern hemisphere 
co;ini)ared Avith the |)reAdous half-year. This change has resulted in a preponderance of activity in this 
heinisphei'e as in the case of prominences at the limb. 

For comparison with l)ulletins issued prior to the co-operation of other ol)servatories, the means based 
on Kodaikanal photographs alonr are also given, 133 days of observation being counted as 124 effective days- 


Mean Mean 

daily daily 

areas. numbers. 

North (Kodaikanal |.)hotograplis only) ... 1;)84 11*7 

Houth do. ... ... 908 63:1 

9V)tal ... 2492 18‘0 


i 





The distribution of the mean daily areas in latitude is shown in the following diagram. The curve is 
markedly different fi'^oin tliat of the previous Imlf-year and shows a well defined secondary maximum at 
latitude S5“ to 35° in addition to the primary maximum at 55° to B0°in the two hemispheres. 



Both areas and numbers of the absorption markings show an excess in the eastern hemisphere, the 
percentage east being 51*8 for areas and 50'4 for numbers. 


The Obsbevatort, Kobaikanal, A. A. NAEAYANA AYYAR, 

S6th 1925. Assistant in Charge^ Kodaikmml Ohservatory. 


PmoB, 8 aimas 
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BULLETIN No. LXXVIII. 


SUMMAEY OP PEOMINENCB OBSEEVATIONS POE THE PIEST HALP 

OP THE YEAE 1925. 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the 
International Astronomical Union, all observatories taking spectroheliograms of the Sun have been asked to- 
co-operate with the Kodaikanal Observatory by supplying cox)ies of their photographs on those days when the 
Kodaikanal records are imperfect or wanting. In response to our requirements for the first half of the year' 
1925, the Mount Wilson Observatory supplied prominence plates for 17 days and Ha disc plates for 7 days ;; 
Meudon Observatory supplied Ks disc plates for 29 days and Ha disc plates for 15 days and Yerkes Observatory 
sent prominence plates for 0 days. 

When incomplete or imperfect photographs for the same day are available from more than one observatory^ 
the best photograph is choSen as representing the solar activity of that day after weighting it according to its 
quality, and the remaining photographs are ignored. 

The mean daily areas and numbers of prominences during the half-year are given below. The means 
a,re corrected for incomplete or imperfect observations, the total of 181 days when plates vv'ere available being 
reduced to 163 effective days. 






Mean daily areas 

Mean daily 





(.square minutes). 

numbers. 

North 

. .. 

• • • 

* . ... 

2-86 

8-54 

SoiTth 



... 



217 

7-59 




Total 

5'03 

16-13 


Compared with the second half of the year 1924, areas show a slight decrease in the northern hemisphere 
and a slight increase in the southern. In the case of numbers, there is an increase amounting to 11 per cent 
in the noidhern hemisphere and 19 per cent in the southern. The activity continued to be more pronounced 
in the northern hemisphere. 

For comparison with bulletins issued prior to the co-ox)eration of other observatories, the means based 
on Kodaikanal xohotographs alone are also given, 171 days of obseiwation being counted as 149^ effective days. 


North (Kodaikanal photographs only) ••• ' 
South do. 

Mean daily areas 
(square minutes), 

2-98 

2-26 

Mean daily 
numbers. 

8'90 

7-92 


Total 5-24 

16-82 


97 



98 


The dtotrilmtion ot the promtoenoee in UBtnd. le repreeented in the toUowng m wh.<* tte tall 

line givee the mean drflj areas and the hroken line the mean daily nnmheta fer each none of 5 of latitude. 
The ordinates .^present tenth, of a square minute of are for the fnU line and nnmhers for the hroken Ime. 
Compered teith theseeond half of 1924, there ha. been an iner^e of aotiyit, in eq.mtorndreg.o« between 
80" and 40‘ and between W and 70", hut there has been a decrease between 40 and 50 more marked m the 
northern in the southern hemisphere. 



The monthly, quarterly and half-yearly areas and numbers, and the mean height and mean extent of the 
prominences on photographs from all the co-operating observatories are given in Table I. The unit of area is 
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1 square minute of arc. The mean height is derived by adding together the greatest heights reached by 
individual prominences and dividing by the total number of prominences observed ; the mean extent is. 
derived by adding together the lengths of the base on the chromosphere of individual prominences and 
dividing by the total number of prominences. 


Table I. — Abstract for the first half of 1925. 


Months. 

Number 
of days 

Areas, 

Numbers. 

Daily Means. 

Mean 

Mean 


(eifective;. 


Areas. 

Numbers. 

height. 

extent. 

1925 






n 

o 

January 

OO 

138-6 

449 

4*8 

15*6 

36‘0 

3*85 

February 

28 

147*2 

459 

5*3 

16-4 

37-6 

4*02 

March 

28f 

127-4 

455 

4*4 

15-8 

3.6-8 

3*91 

April 

m 

128*4 

’ 

475 

4*7 

17-4 

34-0 

3*74 

May , 

27i 

147*3 

435 

5*4 

16*0 

35-3 

4*51 

June 

28 

ISO'O 

353 

5*7 

15*3 

37*7 

4-89 

First quarter 


413*2 

1363 

4*8 

15*9 

35*8 

3*99 

Second quarter 

77i 

405-7 

1263 

■ i 


.16-3 

35*5 

4*33. . 

First half-year 

16.S 

818*9 

2626 

5*0 

16*1 

35-6 

4*11 


Distribution east and. ivest of the 8uris axis. 

Both areas and numbers showed a slight excess in the eastern hemisphere as will be seen from thp. 
following table : — 


1926 January to June. 

East. 

West. 

Percentage East. 

Total number observed 

1326 

1800 

505 

Total areas in square minutes ... 

411-0 

407*9 

50 2 


1-A 
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Metallic prominences. 

' Tw».ty-o» we ebeerved derin* W were: .orth ,.f ae 

equator. Their details are given below ^ 

TABL. II.-IIBT OB MBTABLIO PROMIBBBOBS OESBEYBO AT KODAIKABAI., JaBUAEY TO JONB 1925 . 


Latitude. 


North. South. 


Height. 


l'J2B 

•Januiu’y 

Kebrunry 


March 


H. M. 
ll '.I Ifi 

25 « 58 

7 V) 2 

7 9 20 

10 9 20 

23 it 2 

24 9 17 

24 !) 11 


23 H 58 

27 11 4 

3 11 Hi 


9 1 58 

10 16 

18 8 56 

25 9 20 

4 10 35 

5 9 15 


lOB W'- 

w' 

81-6 W I 
35-5 W 


bi, b'i,bt, bi, DiiDa- 

bi, b>, bj, b4, 6316'8, Di, Dj. 

4922-0, 4924-1, 601(1, SOlS’fi, bi, ba, ba, b*, 5278-2, 6284-2, 
5316-8, 5635-1, Di, D., 0677, 7065. 
bi, b., b„ b*, 6316-8, Di, D„ 6677, 70(.5. 

6016, bi, b„ b,, bt, 5316-8, Di, D». 

4924-1, 6018-6, bi, b„ b*,b4, 5316-8, 6363-0, Di, Dj. 

4924-1, 5018-6, bi, b„ bsi K 6316*8, 5363*0, Di, Da, 

bi,b.,b„b4, 6316-8, Di,D,. 

4924-1,15016, 6018-6, b„ b„ b„ b,, 5316-8, 5363*0, D,, Da, 
Ll, b,, ba, bi, 5.316*8, Di, Dj. 

4924-1, bi, ba, ba, bt, 6316-8, Di, D„ (5677. 

49241, 5010, bi, b,, ba, bi, .5316-8, Di, Da, 6677, 7CHi5. 
49-24-1, 5018-6, bi, ba, ba, bt, 6310*8, Di, Da, 6677, 7066. 
4924*1, 6016, 6018*6, bi, b,, ba, W, 6316-8, 6863 0, Di, Da, 
6016,\i!ba!b„ bi, 6316 8, Di, D., 6677. 7065. 

49-24-1, 5018-G, bi, b„ ba, b^, 6316*8, Di, D,. 

4924-1, 6016, 6018'6, bj, ba, ba, bi, ■6316-8, 6363*0, Di, D-, 
4924-1’. bl!t, K 5316*8. Di. Da. 6677, 7066. 

4924-1, 6016, bj, ha, ba, bi, 6816*8, Di, Dj. 

4924*1, b„ ba, ba, ba, 6316-8, 6363 0, Di, Da. 70()6. 

D„ Da. 


1 1 L . J L 1. 

The activity of prominences sho-wing metallic ] 

.seen from their distribution given below s 

lines was again confined to the higher latitudes 

as will 



ir— 20' 

21'- BO" 

31'-40' 

Moan 
latitude. 1 

1 Extreme 

latitudes. 


. 

North ... 

South 

3 

.2 

8 

1. 

f) 

1 ^ 

215“'2 i 
2.3“’9 i 

18“ and35“-5 
|l()'’-,5 and 35“ 

- 


Ten metallic prominences -were on the east limb and 11 on the west, 
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Disi^lacemetUs of the hydrogen Urns. 

Particulars of the dispUiceinents observed in the chromosphere and prominences are given in the 
following table : — 


Tablm IIL— Displacements of Hydrogen lines. 


Date. 

Hour 

l.S.T. 

. 

Latitude. 

Limb. 

Displacement. 

Remarks, 

North. 

South. 

Red. 

Violet. 

Both ways. 

1925 

H. M. 

a 

c 


A. 

A. 

A. 


Jaiuiary 1 

11 24 

27 


E 


1 


At base. 

’ 2 

8 40 

55 


E 


0-5 


Do. 

2 

8 48 

5 


W 

Slight 



At top. 

:5 

8 52 


1 

E 

1 

- 


Do. 

4 

9 7 

45 


W 

1 



Do. 

5 

8 54 

58 


E 


05 


At base. 

t) 

8 26 

51 


W 

1 



At top. 

10 

8 55 

7P5 


W 


Slight 



15 

8 56 

84*5 


E 


1 



15 

!) 16 


26 

E 

1 

0*5 


To red at base 5 to violet at top 

15 

i) 8 


55 

W 


1 


At base. 

K) 

11 5 

82-5 


E 

Slight 




17 

8 56 

25 


W 


1 



: 1 H 

9 54 

79 


E 


1 


At top. 

18 

9 21 

75-5 


E 

5 




19 

10 20 

(;i'5 


E 

0-5 



At top. 

19 

10 24 

55'5 


W 


0*5 

(At base. 

20 

8 58 

77 


E 


Slight 

i 

20 

8 50 

41 


W 


Do. 

i 

20 

8 41 

80*5 


W 

0-5 



22 

9 4 


10 

E 

Slight 




22 

8 55 


29 

W 


Slight 



22 

8 50 

14 


w 

4 

1 % 


To red at top ; to violet, at base. 

25 

8 52 

48-5 


E 

0*5 




25 

« 45 

21 


W 

1 




25 

8 41 

59 


W 

0*5 




25 1 

8 56 

76 


W 


0-5 



25 i 

8 48 

85 


E 


. Slight 



25 I 

8 58 

24 


W 

1 

0*5 



25 ' 

8 51 

64*5 


W 

Slight ' 




26 i 

9 4 

26 


E 

Do. 




26 

9 16 


20 

E 


1 


At top. 

26 

8 59 

25 


W 

0-5 



Do. 

26 1 

8 49 

60*5 


W 


0*5 



27 

8 56 

75 


E 


0-5 



27 

8 46 

25 


W 

1 




27 

8 59 

75 


W 


Slight 



28 

9 28 


34 

E 

2 



At top. 

28 

9 5 

41 


W 

0-5 



Do. 

29 

8 58 


56-5 

E 

Slight 




29 

8 54 

79 


W 

0-5 




50 

8 57 

r>2-5 


E 


Slight 



50 

9 9 


62 

E 

0*5 



At top. 

50 

8 46 


16 

W 


Slight 



50 ^ 

8 41 

54‘5 


W 


0-5 



February 2 

9 28 


85’5 

E 

Slight 




2 

9 8 

12 


W 

0*5 




3 

8 46 

79 


E 


Slight 



5 

9 14 

25 


E 

0-5 



At base. 

5 

9 17 


21 

E 


Slight 



3 

9 6 


79 

W 


Do. 



5 

9 2 


20 

w 

1 




5 

8 57 

52 


w 

O'o 




5 

8 55 

66 


E 


0*5 



5 

9 24 

57-5 


E 

0-5 




5 

8 55 

46*5 


^ E 

0-5 




5 

9 51 

23 


E 


1 ‘ 


At top. 

5 

9 18 

5 


W 

0*5 





9 


Batew 

Hour 

I.S.T. 

Latitude. 

liimb. 

I 

Displacement. 

Remarks. 

J^orth. 

South. 

Rod. 

Violet, 

Both waysJ I 

1925 

H. M. 

o 

0 


A. ' 

A. 

A. 


February 6 

8 48 

64 


E 

Slight 




6 

9 8 

30 


E 


0 5 


At base. 

6 

9 14 

20 


E 

1 . 




6 

9 14 

15 


E 

1’6 




6 

9 20 


21 

E 

1 ^ 




6 

9 23 


m 

E 

1 



At base. 

6 

8 68 

4ii-5 


W 

1 




7 

9 2 

31 

1 

E 


2 



7 

9 20 


18 

E 

3 



At top. 

7 

8 46 


20 

W 


Slight 



8 

8 39 

73-5 


K 1 


Do. 



8 

8 m 

61 


E : 

1 




8 

8 34 

36 


E 

1 



At base. 

8 

8 34 

30 


E 


1 


At top. 

8 

9 22 


16 

E 


0*5 



8 

9 3 

17 


W 


Slight : 



8 

8 51 

28 


W 

1 



At top. 

9 

11 0 

14 


E 

Slight j 



At b)iae. 

10 

9 20 

36 


E 

3 


1 

At top. 

10 

9 20 

33 


E 

2 ' 




10 

9 26 


U 

E 

■ , ■ . 

1 1 



12 

9 58 

74-5 


E 

0*6 




12 

10 38 

34 


E 

Slight 




12 

10 42 

11 


E 


0*5 



12 

10 26 

52-5 


W 

1 




13 

9 12 

46 


E 

0*6 



At topi 

13 

9 15 

34 


W 

1 



Do. 

13 

8 54 

68 


w 


Slight 



14 

9 10 


55 

w 


Do. 



15 

8 53 

62 


B 

' 

1 



15 

9 1 

41 


w 

1 



At top. . 

16 

9 12 

42*5 


E 

Slight 




16 

9 17 


14 

E 


/ Of) 



16 

9 22 


80 

E 


0*5 



16 

9 4 


61 

W 


Slight 


! At base. 

16 

8 56 

75*5 


w 

0*5 



At top. 

17 

8 68 

81 -5 


B 


Slight 



17 

9 18 

20 


E 

1 




18 

9 4 

8V5 


E 


1 



18 

9 29 


59 

W 


1 


At top. 

18 

9 12 

26 


W 


Slight 


Do. 

19 

8 41 

58 


K 

1 



Do. 

19 

8 38 

23 


E 


Slight 



20 

8 44 

18-5 


' E 


0*5 



20 

9 17 


32‘5 

E 

Ofj 




21 

8 42 

13 


B 

Slight 


i 


21 

8 47 


41*5 

E 

Do. 


: ' 1 


22 

9 20 

22 


E 

1 . 




22 

9 8 

14 


W 

Slight 


, 

^ At top. 

22 

9 3 

3lf) 


W 

0*5 



Do: 

22 

8 55 

76 


W 

OT) ‘ , 




23 

8 43 

74-5 


E 

Slight 




28 

8 58 

29 


W 


Slight 



23 

8 48 

64 


W 


Do. 



23 

8 46 ! 

75r> 


w 

1 


, . 

1 - ' ■ 

24 

8 50- 1 

74-6 


B 

Ofi 



, 

24 

9 17 


25*5 

W 

3 



At base. 

24 

9 17 


‘ 25T) 

W 

1 • 



At top. 

26 

.10 13 

62 


E 

Slight 




27 

8 42 

34’5 


E 

Do. 




27 

9 11 

18' 


E 


0-5 ‘ 


At top. 

28 

8 34 

54 


E 


Slight 



' 28 

8 42 

37*5 


W 



Slight 


28 

8 39 

58 


W 

’ 

Slight , 



28 

8 38 

77 f) 


W 


Do.’- -■ 





Date, 

Hour 

I. 8 .T. 

Ijatitiule. 

Limb. 

Displacement 


Hemarka. 

North. 

Soutli. 

Kod. I 

Violet. 

Both ways. 

111-25 

II. 

M. 




A. 

A. 



Marcli 1 1 

8 

50 

42 


E 


1 


At base.' 

H 

8 

4() 

61 


E 

1 



At top. 

8 

9 

8 

33 

57 

22 

80 


E 

W 

1 

0 

1 


To red at base j to violet at top. 

4 

9 

25, 


33’5 

E 


0-5 



f) 

8 

53 

75 


E 

1 

1 


To red at top 5 to violet at base. 

5 

8 

48 



E 


Slight 



8 

54 

67-5 


E 

0-5 




() 

9 

14 


73*5 

E 

0*5 




(> 

9 

1 

47 


W 


1 



7 

9 

10 


51-5 

W 


Slight- 


H 

9 

15 

43-5 


E 


Do. 



H 

9 

32 


53-5 

W 

0 5 




8 

9 

27 


L! 

W 

Slij^bt 




1 ) 

8 

46 

58*5 


E 


0*5 . 



\) 

8 

0 

42 


E 


0 5 


At base. 

u 

8 

59 


31 -5 

E 

Slight 




\) 

8 

50 

()9 


W 

Do. 




ID ' 

8 

56 

28 


E 

1 




10 

8 

40 

28 


E 


2 



14 

9 

5 


15 

E 

Slight 




16 

9 

53 

47 


E 

0*5 



At base. 

17 

8 

48 

81-5 


E 


Slight i 


19 

10 

43 


78 

E 


1 1 . 


21 

8 

30 


3»3 

W 


- ' ’ ^ I 

At ba.se. 

22 

8 

22 

71*5 


W 


Slight 1 


22 

8 

21 

76 


w 

Slight 



22 

8 

42 

36 


E 


Of) ! 

At base. 

22 

9 

0 


82 

E 


Slight 



22 

8 

55 


36 

W 

1 



At top. 

22 

B 

50 

20 


w 

0-5 




2 H 

8 

44 

71*5 


E 


0’5 



2:4 

9 

18 


83 

^V 

0*5 




2;4 

. 9 

16 

1 

71*5 

w 


1 



23 

9 

12 

1 

31*5 

w 

2 

1 



23 

8 

52 

16 


w 


Slight 


At l.)ase. 

23 

8 

50 

60 


w 


0*5 


Do. 

24 

8 

58 

82-5 


E 

0 5 




24 

9 

6 

60 


w 


Slight 


At top. 

24 

9 

2 

78'5 


w 


Do. 



23 

9 

8 

49 


E 


0*5 


At top. 

25 

9 

2 

32 


w 


0*5 


At base. 

26 

8 

58 

63 


E 

0*5 




26 

9 

9 


69 

W 

0*5 




27 

9 

14 

22 


w 

1*5 

1 


To red at top ; to^ violet ax base. 

28 

8 

42 

80 


E 



Slight 


28 

8 

43 

82 


W 


Slight 



29 

8 

36 

42 


E 

1 



At top. 

29 

8 

54 


22 

W 


Slight 


At base. 

29 

8 

40 

80 


w 

0*5 



At top. 

30 

8 

45 

52 


E 


Slight 


At base. 

30 

8 

53 

61 


W 


Do 



31 

8 

52 

82 


E 


Do. 



April 1 

10 

7 


48 5 

K 


1 



1 

10 

7 


50-5 

E 

1 . 




2 

8 

52 

70 


E 


Slight. 



2 

8 

50 

56 


E 

1 



At top. . 

2 

8 

46 

39‘r> 


E 


0*5 

1 


2 

9 

2 


33 

W 


Slight 


At base. 

3 

9 

7 

68 


E 

1 




3 

9 

5 

58 5 


E 

0*5 




3 

9 

36 

16 


E 

0*5 



At base. 

3 

9 

10 - 

51%5 


W 


Slight 



4 

8 

30 

63 


E 


Do. 

.r. 


•4 

8 

53 


15 

E 

1*5 




4 

8 

58 


59-5 

E 

Slight 

, 


1 
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Remarks. 


At top. 


At base. 
Do. 

At top. 

At base. 
At top. 

At top: 


At top. 
Do. 

At base. 


At top. 

To red at base ; to violet al top. 
Do. 


At top. 
At ImRe. 


At top. 


At baHu. 


To red at top ; to violet at bane. 


At bone. 
At top. 


At top. l*rj A to violet at top at 
9H16-. 

At base. 
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Date, 

Hour 

I.S.T. 

Latitude. 

Limb 

Displacement. 

' •• ^ Remarks. 

North, 

South 

Red. 

Violet. 

1 Both ways. 

1925 

H. M. 




A. 

; A. 

A. 

^ , : 

May 2 

8 52 

12 


' W 


i Slight 



4 

9 40 

24 


E 

Slight 

i 



4 

9 42 


25 

E 

1 



At base. 

4 

9 38 


85-5 

E 


! 0’5 



4 

9 30 


8 

W 

1 




f) 

9 13 

36 : ■ 


E 

Slight 




7 

9 9 

85*5 


E 

Do., 




7 

9 20 


21 

E 

I 




8 

8 48 

75*5 


W 

0-5 




\) 

9 14 

22 


E 

Slight 




11 

8 46 

79*5 


E 

05 




11 

8 58 

58 


E 

Slight 



At base. . . 

12 

9 3 

24 


E 

6 



Do, 

12 

8 51 

19 


E 

1*5 



At top. 

12 

8 58 


8 

W 


' Slight 



12 

8 55 

60 


w 

Slight 




18 

11 5 

85*5 


E 

Do, 




18 

11 10 


24 

E 


I 



19 

9 8 


38 

E 

0-5 



At base. 

19 

9 12 


81*5 

E 

0*5 




19 

8 55 

84-5 


W 

1 




20 

10 15 

19 


E 


■; 1 ■ ' 



21 

9 14 

84*5 


E 

1 




21’ 

9 12 

60 


E 


1 Sliglti 



21 

9 10 

46 


E 

0’5 



22 

9 10 


11 

E 

0-5 



At ba$e. 

22 

9 13 


68 

E 


Slight. 



22 

9 6 


22 

W 

0 5 



At top. 

22 

9 3 

U 


w 

] 



Do. 

24 

9 13 

15 


w 

1 



At base. 

24 

9 11 

24 


w 


If 


Do., 

24 

9 9 

47 


■ w 


Slight 



25 

9 16 

72 


E 

0%5 




25 i 

9 12 

42 


E 

0-5 




25 

9 20 1 

24 


W 

1 


. 

At top. 

2() 

9 39 


22 

w 

Slight . , 




27 

8 48 

28 


w 

2 ‘ 

1 


To red at top ; to violet at base. 

28 

8 37 

49 


w 


Slight 



29 

i) 35 


26 

E 

0-5 




29- 

9 29 

22 


W 

0*5 


; 

At base. 

29 1 

9 22 

28 


W 

1 



,At top.' 

30 

9 26 

23 


W 

1*5 



Do. 

30 

9 24 

70 


W 

Slight 




June 1 

9 15 

5 


W 

1 

1 



At top. 

B 

8 58 

57 


E 

Slight 




3 

8 40 

73 


W 

1% 




4 

10 35 

25 


E 

1 

0*5 


.To red at top ; to violet at base. 

4 

10 20 


1 21 

W 

1 



At top. 

5 

8 51 

81 


E 

Of)' 




5 

8 50 

72 


E 

1 




5 

9 15 


18 

W 


2 


At base. 

() 

9 30 


' 2 

W 

Slight 




8 

9 15 

80 


E 


Of 



8 

9 12 


62 

W 


Slight 



8 

9 0 

61*5 


W 

1 

1 


To red. at top ; to violet at base. 

8 

8 55 

89 


W 

0*5 




9 

9 3 

83 


E 


Slight.’ 



9 

8 ,48 

32 


E 


If 


At base j 3 A ^^t 9^ 20^. 

9 

■ 8' 49 

24 


E 

0 



At top. 

9 

9 20 


57 

E 


2 


Do. , 

10 

10 35 

35 


W 

Of 




11 

9 6 

62 


E 

2 



At base. 

11 

8 57 

10 


W 

Of 




11 

8 46 

59 


W 

Slight 


1 


12 

9 10 

84 


E 

Do. 
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Dato. 

Hour 

I.S.T. 

Latitude. 

Limb. 

Displacement. 

Remarks. 

JN’orth. 

South 

1 

1 Hed. 

Violet. 

Both ways. 

1925 

H. 

o 

a 


A. 

A. 

A. 


June 12 

9 20 

19 


E 


0-5 



12 

9 16 


14 

W 

0-5 




13 

8 30 

38 


E 


2 


At top. 

14 

8 47 


40 

E 

Slight 




15 

9 26 


33 

W 

1 

0-6 


To red at top j to violet at base. 

16 

9 60 


25 

W 


0*6 



19 

9 36 

18^6 


W 


0-6 


At base. 

21 

9 60 

68 


E 


Slight 


! 

21 

10 2 


31 

W 


0-5 



21 

9 68 

37 


W 

1 




21 

9 66 

88 


w 


Slight 


i 


Tkere -was a large increase in tlie number of displacements, the total number obsei'ved being 344- as 
against 141 in the pi'cvions half-year. They were distributed as follows : — 


Latitude. 

North. 

South. 


1°— 30° 

83 

44 


31°— 60° 

... 78 

29 


610 — 90 ° 

... 86 

24 



Total ...247 

97 


East limb 

■ ... ■ J. .... 

••• 

195 

West .limb 





149 



Total .e* 

344 


One hundred and eighty-three, displacements were towards the red, 156 towards the violet and 5 both 
ways simultaneously. 


Reversals and displacements on tlie disc. 

One hundred and sixty-four bright reversals of the Ha line, 73 dark reversals of the Ds line and 
45 displacements of the Ha line were observed on the disc during the half-year. Their distribution is shown 
below : — 

North. South. East. WeBt. 

Bright reversals of Ha 117 47 71 93 

Dark reversals of Ds ... ... ... 54 19 27 46 

Displacements of Ha ... ... ... 32 13 24 21 

Thirty-eight displacements were towai'ds the red, six towards the violet and one both ways simultaneously. 


Pretninences prajeeted on the disc as absorption marMngs. 

Photographs of the Sun’s disc in Ha light were available from Kodaikanal and the co-operating 
observatories for a total of 175 days, which were counted as 171 effective days. The mean daily areas of Ha 
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absorption markings (corrected for foreshortening) in millionths of the Sim’s visible hemisphere and the mean 
daily numbers are given below : — ■ 



Mean 

Mean 


daily 

daily 


areas. 

numbers. 

North 

1203 

9 -4 

South ... 

703 

0-5 


Total ... 1906 

14'9 


Both areas and numbers have decreased compared with the previous half-year. As in the case of 
piominences at the limb, the activity continued to be more pronounced in the northern hemisphere. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means based 
on Kodaikanal photographs alone are also given, 1 64 days of observation being counted as 158 effective days- 


Mean Mean 

daily daily 

' areas. number.'?. 

North (Kodaikanal photographs only) ... ... 1182 9-4 

Bouth do. 712 5-5 


Total ... 1894 14'9 


The distribution of the mean daily areas in latitude is shown in the following diagram and is strikingly 
different from that of prominences at the limb. In the northern hemisphere the :2one of greatest activity is at 
20°— 30° with a secondary maximum at 55°— 60°, whilst in the southern hemisphere, the maximum is 
at 55° — 60° with only slight activity in the other regions. 
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As in the case of prominences at the limb, there is an excess of activity in the eastern hemisphere^ 
the percentage east being 53'94 for areas and 50‘37 for numbers. 

Thanks are due to the co-operating observatories for the photogmphs supplied by them. 

Thb Obsbbvatoby, Kodaikanal, 

19th Fehrum^ 1926, 


pRiass, 8 anmit madras : printed by the superintendent, government press— 1926 


T. ROYDS, 

IHrector, Kodailcdnal and Madras Ohservato^^ies, 



ItoHatitanal ©ii^ertoatorg. 

BULLETIN No. LXXIX. 


SUMMAEY OF PEOMINENOE OBSEEVATIONS FOE THE SECOND HALF 

OF THE YEAE 19,25. 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the 
International Astronomical Union, all observatories taking spectroheliograms of the Sun have been asked to 
co-operate with the Kodaikanal Observatory by supplying copies of their photographs on those days when the 
Koclaikanal records are imperfect or wanting. In response to our requirements for the second half of the year 
1925, Mount Wilson Observatory supplied prominence plates for 40 days and Ha disc plates for 38 days j 
Meudon Observatory supplied Ks disc plates for 34 days and Ha disc plates for 31 days and Yerkes Observatory 
sent prominence plates for 7 days. Eight prominence plates and 7 Ha disc plates taken by Mr. Evershed at 
his obsei vatory at Ewhurst, Surrey, England during the last three months of the year were also received- 

When only incomplete or imperfect photographs for any day are available from more than one obser- 
vatoiy, the best photograph is chosen as representing the solar activity of that day after v/eighting it according 
to its quality, and the remaining photographs are ignored. 

The mean daily areas and numbers of prominences during the half-year are given below. The means 
are corrected for incomplete or imperfect observations, the total of 181 days when plates were available being 
reduced to 151 effective days. 


North 

South 



... 



Mean daily areas 
^square minutes). 

318 

3 08 

Mean daily 
numbers. 

8*40 

8*34 




Total . 

()'2C) 

16*74 


Compared with the pi’evious half-year, areas have increased by 24 per cent the increase being more 
marked in the southern hemisphere. In the case of numbers, there is a slight decrease in the northeim 
hemisphere, and an increase of 10 per cent in the southern. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means based 
on Kodaikanal photographs alone are also given, 141 days of observation being counted as 118 effective days. 



Mean daily areas 

Mean daily 


(square minutes). 

numbers. 

North (Kodaikanal photographs only) -• 

3-46 

8-83 

South do. 

342 

8-75 


Total ... , 6-88 

17-58 
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The clistnbution of the piom nences n latitude is represented n the following diagram in which the full 
line ives the mean daily areas ahd th broken line tl e mean daily numb rs for each zone of 5 of latitude 
The ordinates lepiesent tenths of a square mnute of arc foi the full line and numbers for the b oken 1 ne 
Compared with the prev ous half year there has been a dec ease of actmty near 45 wh ch s more maike 1 
in the noilhein hemispheie than m the southern Tl max mum of actmty in the higher latitudes has 
advanced about 10 towards tl e poles 



The monthly quarterlj and half yearly areas and numbeis and m mean height and mean extent of the 
piommences on photogmphs fromaU the co orerating observatories are given in Table 1 Ihe unit of area is 
square minute of arc The mean height is derived by adding together the greatest heights reached by 
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indiYiclutil pi oniiiiGiiCGS diitl divicling' liy tli6 nxinilDGr of promiiiGiiCGS obsGrvGd ; tliG iiiGiin Gxtont is 

deriYGd by adding together the lengths of the base on the chromosphere of individual prominences and 
dividing by the total number of prominences. 


Table I.— Abstract, for the second half of 1925. 


Months. 

Number 
of days 

Areas. 

Numbers. 

Daily Means. 

Mean 

Mean 


(effective. . 



Area Si 

Numbers. 

height. 

extent. 

* 

1925 






ff 

o 

July 

m 

137-8 

379 

5*9 

16*1 

36*4 

5*22^ 

August 

221 

124*2 

390 

. 5*5 

A7*3 

37*2 

4*73 

September 

28:1 

178*6 

484 

6*3 

17*0 

38*9 

6-30 

October 

27 

192*1 

477 

7*1 

17*7 

39*8' 

5*31 

November 

23 

127*2 

368 

5*5 

16-0 

41*3 

4*57 

December 

m 

185‘9 

430 

I 

6*9 

16*1 

43*2 

5*82 

Third quarter 

74i 

440*6 

1253 

60 

16*9 

37*6 

5-10 

Fourth quarter 

761 

505-2 

1275 

0-5 16-f) 

41*2 

6*27 

Second half-year 

151 

945*8 

2528 ‘ 

6*3 

16*7 ' 

39*5 

■ 6*18' 


IHstrihiition ea^it and ivest of the Sun's axis. 

Both areas and numbers were in excess in the western hemisphere as will be seen from the 
following table : — 


1925 July to December. 

East. 

West. 

Percentage East. 

Total number observed ... 

1242 


1280 \ 

■ 

49*1 

Total areas in square minutes ... 

446*2 


4i);)'0 

47*2 


.1-A 



Metallic prominmces. 

Twenty-niue mstallic prominences were observed during the halt-year. Their details are given below i— 


Table II. — List oe Metallic PROMitraNOBS observed at Kodaikanal, July to December li)25. 


Date. 

Hour 

I.S.T. 

Base. 

Latitude. 

Limb. 

Height. 

LiueB. 

North. 

South. 







1925 

H. M. 

a 

B 

o 


// 


July 7 

9 20 

4 


28 

E 

20 

49241, bj, b., b», b*, 6316*8, Di, D,. 

September 2 

8 2 

3 

33 


W 

25 

4924-1, 5<I16, 6018-6, bi, b„ b,, b., 6316-8, 6383*6, 66il6-l, 








1 D‘i, D„ 6677, 7066. 

4 

. 9 33 


18*6 


. W 

60 

bi, ba, bg, bd, Di, Da- 

14 

9 0 


18 

■ 

w 

85 

4924-1, 6016, bi, ba, b,, b*, 6316-8, 6363 0, Di, D„ 6077, 






1 


7066. 

16 

,8 CO 

2 

22 


w 

10 

4924-1, 6016, 6018-6, bi, b., b„ b*, 5276-2, 6316-8, 63(a-0. 








D„ Da, 6677, 7066. 

30 

11 43 



18-5 

W ; 

90 

bi, bi, bj, bd, Di, Da. 

October 2 

8 60 

3 

19*6 


w 

90 

4924-1, 6016, bi, b„ b^ b*, 5263-‘2, 6316-8, D,, Da, 6677. 








7065. 

2 

8 56 


23 


w 

36 

4924-1, bi, ba, b,, ba, 6316-8, Dj, Dy, 6677, 7066. 

9 

9 36 



18 

w 

20 

4924-1, 5016, bi, ba, b,, by, 6316-8, T>i, D., 6677. 

10 

8 60 


27 


w 

70 

biT ba, bs, bd, 6316*8, Di, Bg. 

11 

8 36 


26 


“W 

20 

6016, bj, ba, b,, b*, 6316*8, 6363*0, D„ D,. 

14 

9 41 


27 


E 

10 

bi, bi, ba, bd, D|, Dg. 

14 

10 50 



26'6 

w 

. 16 

4924-1, 6018-6, bj, b„ b„ b., Di, D„ 6677, 7066. 

16 

9 26 


24 6 


E 

16, 

4924*1, 6018*6, bi, bj, b,, by, .6316-8, Di, D„ 6677, 7066, 

16 

9 12 



24 

E 

15 

6i, ba, b,, by, Di, Dy. 

19 

9 2 



27’6 

W 

30 

4924*1, 5018-6, bj, b„ b,, by, 6316-8, Di, D„ 6677, 7066. 

20 

9 97 



385 

E 

36 

bi, ba, bj, by, 6316*8, Di, Da* 

20 

9 14 



18 

W 

10 

bi, ba, bj, b*, 6316*8, Dx, D„ 6677, 7066. 

20 

8 58 


T4'6 


■W 

40 

4924-l, bi, b„ ba, ba, 6316*8, Dj, D„ 6677, 7066. 

ITovember 16 

11 4 



23 

E 

15 

bi, ba, ba, by, 6316*8, Di, Dy. 

December 17 

9 20 ~ 



16 

W 

10 

4924*1, b„ ba, ba, ba, 6316*8, D„ D„ 6677, 7066. 

11) 

9 92 


20-5 


E 

20 

4924-1, 6018*6, bi, b., b,, b*, 6316*8, D„ D», 7066. 

20 

9 30 


35 


E 

30 

4924*1, 6016, 5016-6, bi, b,, b,, b*. 6816-8, Di, D,. 

20 

9 60 

1 

21 


E 

. 10 

4924-1, 5016, 6018*6, bx, b„ b,, b*, 6316*8, 6868 0, Dx, D* 







• 

6677, 7066. 

23 

10 5 


33 


E 

15 

4924*1, 6018*6, bx, b,, b., K 5816-8, D„ D„ 7066.* 

24 

9 34 


26 


W 

16 

4924-1, 6018-6, bx, b„ b,, ba, 6316-8, Dx, 

26 

9 24 




w 

10 

. 4924*1, 60J6, bx, ba, ba* b., 6816*8, 6368*0, Dx, D^ 6677, 








7066. 

26 

8 24 


22 


w 

20 

6677,7066. 


9 39 

10 


28 

w 

30 

bx, ba, ba, b«, Dx, Du* 
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The metallic prominences enumerated above were distributed in latitude as follows ; — 



1 1-— 20" 

21°— 30" 

31° -40“ 

Mean 

latitude. 

Extreme 

latitudes. 

North ... 

4 

10 

3 

24°'l 

14°-5 and 35° 

South .. ' 

4 

7 

1 

24°-2 I 

10° and 38°‘5 


Thirteen were in October and 9 in December. Ten were on the east limb and 19 on the west. 


Displacements of the hydrogen lines. 

Particulars of the displacements observed in the chromosphere and prominences are given in the- 
following table : — 


Table III.— Displacements oe Hydrogen LinbvS. 


Date. 

Hour 

LS.T. 

Latitude. 

Limb. 

Displacement. 

Remarks. 

North. 

South. 

Red. 

Violet. 

Both ways. 

'1 

1925 

11. 

M. 


0 


A. 

A. 

A. 


July 2 

8 

54 


85*5 

E 

1-5 



At top. 

2 

1) 

46 


J1 

■w 


Slight 



2 

8 

43 

40 


w 

0-5 



At top. 

3 

9 

2 


52 

w 

0-5 



Do. 

0 

9 

3 

18 


w 

1 



Do. 

G 

9 

10 

72'5 


w 

Slight 




7 

8 

50 


22 

w 

1 



At top. 

8 

10 

5 

8(V5 


w 


1 



9 

8 

47 

83 


E 


3 



9 

9 

9 


20 

W 


Slight 



10 

9 

4 

21 


E 


1 



10 

9 

2 


10 

W 

1 




14 

9 

18 


15 

W 

0*5 

1 


To red at top j to violet at base. 

14 : 

10 

8 


13 

W 

1 



At top. 

15 

9 

41 

40 


E 


Slight 


Do. 

22 

9 

46 

16 


W 

1 



Do. . 

25 i 

9 

45 

23 


w 



1*5 


28 : 

9 

20 

19 


w 

1 



At top. 

31 

9 

24 


83 

E 


0*5 



August 1 

10 

8 

43‘5 


E 


1 



3 

9 

57 

79 


W 


1 


At base. 

5 

8 

37 

24 


E 

1-5 



Do. 

5 

8 

56 


32 

W 

1 



At top. 

6 

10 

25 

57-5 


w 

0 5 




XI 

9 

20 


26 

w 

1 




IX 

9 

2 

63-5 


w 

0*5 




X4 

8 

58 

67 


E 

Slight 




X4 

9 

24 

64 


E 

2 



At base. 

X5 

8 

45 

25 


W 


Slight 


At top. 

17 

10 

2 


26 

E 


1 



17 

9 

57 

39 


W 

Slight 



At top. 

18 

8 

49 


31 

W 


Slight 



22 

9 

25 

36*5 


W 


1 



24 

10 

16 

76 


W 

0-5 




27 

9 

17 


82 5 

E 


Slight 



27 

9 

16 


82*5 

W 

Slight 




27 

9 

2 

15*5 


W 

1*5 



At top. 

27 

9 

2 

17 


W 


1 



30 

8 

4 


11 

W 


Slight 


At base. 

31 

U 

2 

44 


E 

Slight 



Do. ■ j 

31 

10 

50 


54 

W 

1 

I 



At top 


2 



fleptetnber 


Latitude. 

Hour , . , 

I.S.T. 1 — Lunb. - 

North. South. 


9 I’jS 

10 60 
8 2 


Diaphicement. 

Violet. Both ways. 



Bemai'ks. 


At top. 
Do 

At base. 


I At top. 

2 5 A at 9^ 4603. 
At base. 

Do. 

Do. 


October 


8 44 
11 16 
10 0 

9 12 

8 48 

9 20 

8 56 
10 16 

9 7 

9 8 

9 12 
8 46 

10 10 


9 22 64-5 
9 20 BJOB 


At top. 

Do. 

To red 4t top ; to violet at base. 
At top. 

Do. 

To red at top j to violet at base. 

At top. 

Do, 

Do. 

At top. 


At top. 

To red at top ; to violet at base, 
At top. 

At base. 

At top. 

At base. 

At top. 

Do. 

Do. 

At top. 

To red at base j to violet at top. 
At top. 

Do. 

To red at base ; to violet at top. 
At top. 

To red at base ; to violet at top. 


To red at bas^ to violet '^t top. 
At top. ■ i '1. ; 
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Date. 


Hour 

I.S.T. 


Latitude. 


North. 


South. 


Limb, 


Displacement. 


Bed. 


Violet. 


Both ways. 


1925 


H. M. 


A. 


Remarks. 


October 19 
20 
20 
20 
20 
20 
20 
20 
20 
21 
21 
22 
22 
22 
20 

.November <*) 
0 
6 
6 

14 

14 

14 

15 
18 
18 
18 
18 
18 
22 
22 
22 
25 

iDeoember 1 
1 
1 

13 

16 
16 
16 
16 
17 
17 

17 

18 
18^ 
18 
18 
18 
18 
18 
18 
19 
19 
19 

19 

20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
-21 
21 


9 2 

9 24 
0 26 
9 26 
9 9 

9 4 

8 54 
8 54 

8 47 

9 58 

9 24 
9 45 
9 6 

9 40 
8 50 

8 55 

9 0 
8 50 

8 42 

9 5 
8 55 

8 52 

11 4 

10 11 
10 2 
10 1 

9 50 

9 47 
9 9 

9 4 

8 58 

10 17 


14-5 

30 

25 

77 


27 

38 

83'5 

19 


27-5 

24 

34 

37 

16 


3‘5 

43 


54 

15 

37 


30 

20 
24 5 
30 


18 

26-5 


17 

25 

12 

23 


87 

64 

25 

7 


W 

E 

E 

E 

W 

W 

w 

w 

w 

E 

W 

E 

W 

W 

W 

E 

E 

W 

W 

E 

W 

W 

E 

E 

E 

E 

E 

W 

W 

W 

W 

W 


9 

22 

9 

14 

9 

10 

10 

4 

10 

31 

10 

27 

10 

7 

10 

45 

9 

24 

9 

28 

9 

16 

8 

56 

9 

32 

9 

38 

9’ 

38 

9 

22 

9 

15 

9 

15 

9 

2 

9 

32 

9 

32 

9 

40 

9 

15 

10 

22 

9 

50 

9 

14 

9 

11 

9 

3 

9 

1 

9 

20 

9 

20 

9 

40 

9 

30 

9 

4 

9 

2 


18 

62*5 

27 

36*5 

21 


69 

38 

77 

30 


17 

21 

39 

19 

20 


78 


68 

87 


19 


20 

27 

20 


20 

35 


30- 

25 
23 
89 
65 
70 
33 

26 
23 
36 
29 
50 


E 

W 

W 

W 

E 

E 

E 

W 

E 

E 

W 

E 

E 

E 

E 

W 

w 

w 

w 

E 

E 

E 

W 

E 

E 

W 

W 

W 

w 

E 

E 

E 

W 

W 

W 


1 

1 

1 

Slight 

1 

Slight 

Do. 

Do. 

Do. 

0-5 

Slight 

Do. 


0*5 

1 

1-5 


Slight 

Slight 

Slight 


0\5 

2 


1 

Slight 

1 

0*5 


1 

1 

Slight 

0‘5 

Slight 

1 

1 

Slight 

1 


Slight 

1 

2 

1'5 

1 

1 

1 

1*5 

3 

1 

1*5 


0*5 

.1*5 

2 

0*5 

1-5 

1*5 


2 


4 


1 

1 

0-5 

1 

1 

2 

1 

1 


0*5 

0*5 

1 

1*5 

Slight 

0*5 

3 

1*5 

1*5 


At top 

At base. 

Do. 

To red at top j to violet at base. 

At base. 

Do. 

At top. 


At base. 

To red at top ; to violet at base. 


At top. 
Do. 
Do. 
Do. 

At base. 
Do. 


At top. 


To red at top ; to violet at base. 


At base. 


At base. 


At top. 

At base. 

Do. 

Attop. jseeainDi.D^also. 

To red at base j to violet at top. 
At base. 

Do. 

To red at top ; to violet at base. 
At top. 

Do. 

Do. 

Do. 

At bas^. 

At top. 

Do. 

At base. 
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Date. 

Hour 

I.S.T. 

Jjatitude. 

Liml 

North. 

South. 

1925 

H. 

M, 

0 

o 


December 21 

8 

55. 

84 


W 

22 

9 

10 

22 


E 

22 

8 

60. 

23 


W 

23 

9 

50 

34-5 


E 

24 

9 

10 

83 


. E 

24 

9 

42 

26 


W 

26 

9 

30 


36 

W 

25 

9 

20 


25 

w 

26 

8 

67 


27 

w 

26 

8 

53 

14 


w 

26 

8 

52 

26 


w 

31 

9 

45 

355 


E 

31 

9 

33 


23 

E 

31 

9 

28 


87 



Displacement, 


Eed. 


Violet. 


Both ways 


Kemnrks. 


1 

Slight 

3 

1 

0-6 


I 

06 


0*6 


A. 

0-5 

Slight 


0-5 

2 


A. 


At base. 

Over middle of prominence 

At top. 

Do 

At base. 


At top. 

At top ; ()A at l)h 


The total miniber ot displacements -was 202 and they ’were distributed as follows 


Latitude. 
1°— 30° 
31°— 60° 
610 — 90 ° 


ISast limb 
West limb 
Pole 


North. 

76 

... 34 
... 30 

Total ... 140 


South. 

40, 

11 

11 

62 


Total 


86 

11.5 

1 

202 


North. 

South. 

Eaal.' 

.West. 

132 

86 

95 

123 

59 

35 

45 

49 

34 

28 

24 

38- 


One hundred and twenty-four displacements were towards the red, 76 towards the vioH and 2 both 
ways simultaneously. : • , . ~ 

Reversals and displacements on the Sun’s disc. 

62d-!T and eighteen bright reversals of the Ha line, 94 dark reversals of the D, line and 

62 displacements of the H« line were observed during the half-year. Their distribution is given below .— 

Bright reversals of Ha 

Dark reversals of D 3 

Displacements of Ha 

Tliree-quarters of the number of displacements were towai’ds the red. 

Prominences prsgected on the ddso as absorption markings, 

for a^SS^yq f ™ light were available from all the co-operating observalorirs 

for a total 179 days, which were counted as 172i etSective days. The mean daily areas of Ha absorption 

marfangs (corrected for foreshortening) in millionths ok the Sun’s visible hemisphere an-l the mean daily 
numoers are given below : — 

‘ Mean 

daily daily 

. areas. numbers. 

North ... ... ... ... 2917 ■ • 14-4 ' 

South ... ... ... „. ... ... 123.3 ' ■ 98 


Total 


3140 


24-2 
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l liehe fijjui-es indicate an increase of about 70 per cent compared witb the previous half-year. 

with bulletiiLS issued prior to the co-operation of other observatories, the means based 
on Kodaikanal photoMraphs alone are also given, 120 days of observation being counted as 113| effective days. 


North (Kodaikanal [ihotograpljs only) 

South do. 

Total 


Slean 

Mean 

daily 

daily 

ai-eas. 

numbers, 

1928 

15*2 

1241 

102 

31(19 

25-4 


'J'he distribution of the mean daily areas iu latitude is shown in the following diagram. The diagi-am 

shows two maxima at ;i()° and (10°, but iu the southern hemisphere the second maximum is not so well 
developed. 



As in the case of prominences at the limb, the activity is in excess in the western hemisphere, the 
percentage east being 48-2;5 for areas and 48‘7t! for numbers. 

Thanks are due to the co-operating observatories for the photographs supplied by them. 

The Observatory, Kodaikanal, T. ROYDS, 

20th July 1926. Director, Kodailmnal and Madras Observatories. 

Pkice, 8 annas madkas : printed hv the superintendent, government press— 1&26 
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D t 

H ur 
1ST 

J tt d 

L mb 

D plac m t 


\ rth 

S th 

E d 

7 1 t 

B tl w y 

1925 





A 

A 



Dec mb 1 

8 55 

84 


W 


0 



21 

9 10 

22 


B 

1 



Atl 

22 

8 50 

23 


W 

Sight 




23 

9 60 

34 5 


F 

3 



0 

24 

9 10 

83 


E 


Sight 



24 

0 42 

26 


W 

1 



Ut 1 

25 

9 30 


3b 

w 

06 




25 

9 20 


25 

w 


0 


Atl 

26 

8 67 


27 

w 


2 



26 

8 63 

14 


w 

1 




26 

S 52 

26 


w 

05 




31 

9 45 

35 5 


E 


1 


At t p 

31 

J 33 


23 

E 


4 


At t p 

31 

9 28 


87 

B 

06 





iHl fp 


The total number of displacements -was 20 ^ and thej were distribute 1 as f 11 )wn 


L titnd 

N th 

8 th 


1 —30 

71 

40 


31 —60 

34 

11 


61 —90 

10 

11 



Total 140 

(2 


East 1 mb 



8( 

West limb 



1 1 1 

Pole 



1 



Tc tal 

202 


li“<5^e'iand twenty fom dsplacements were towards tlie ud 7( towards th vi ht an I 1* tl 
ways simultaneously 

Reversals and displacements on the Sun s disc 

ho^lr eighteen bright reversals of the H« line 94 dark rtvirsuls of tiu 1> lui m I 

b displacements of the Ea line were observed during the half year 

Bright rev rsals of Ha 
Dark reversals of D<i 
Displacements of Ha 

Thi-ee-quarters of the number of displacement's were towaids the led 

^ . Proimnerms projected on the disc as absorptum markmas 

markings (corrected for foreshorteninir) in m ll *■>. p ***'*^^ H « al h rj ttt tt 

numbers are given below - hemispheie an I tht mtaii lailj 


\ th 

S th 

East 

W t 

139 

S( 

ll 

12 { 


I') 

45 

4) 

34 

^8 


J8 


North 
S uth 


Mean 

daily 

areas 


1917 

U2i 


M SI 
daily 
numbers 

14 4 

98 


Total 1140 


242 
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lliewe iigiives indicate an increase of about 70 per cent compared with the previous half-year. 

1 01 comparison with bulletins issued prior to the co-operation of other observatories, the means based 
on Kodaikanal photographs alone are also given, 120 days of observation being counted as 113i effective days. 


hi ortli (Kodaikanal pliotograpljs only) 

South do. ... 

Total 


Mean 

Mean 

daily 

daily 

areas. 

uumbei\s. 

1928 

15*2 

1241 

10’2 

3109 

25-4 


J he distribution of the mean daily areas in latitude is shown in the following diagram. 

shows two maxima at 30° and 00°, but in the southern hemisphere the second maximum 
develo|)(Hl. 


The diagram 
is not so well 



iVs in the case of jiiomiiieiices at the limb, the activity is in excess in the western hemisphere, the 
Tiercentage east being 48'23 for areas and 48'7t> for numbers. 

Thanks are due to the co-operating observatories for the photographs supplied by them. 

The Obsbbvatoby, Kodaikanal, T. ROYDS, 

20th July 1926. Director, Kodaikanal and Madras Observatories. 


Pkice, 8 aima^ 
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BULLETIN No. LXXX. 


STJMMAKY OF FEOMINENOB OBSBEVATIONS FOE THE PIEST HALF 

OF THE YEAE 1926. 


In pursuance of the programme of work adopted since 1 st January 1923 under the auspices of the 
International Astronomical Union, all observatories taking spectroheliograms of the Sun have been asked to- 

kX! 1 r -Pies of their photographs on those days when the 

f92t fl ri' 'Ttr ' nf requirements for the first half of the year- 

1926, the Mount Wilson Observatory supplied prominence plates for 19 days and Ea disc plates for 14 days • 

Meudon Observatory supplied Ks disc plates for 9 days and Ea disc plates for 4 days 

When incomplete or imperfect photographs for the same day are available from more than one obser- 
vatory, the best photograph is chosen as representing the solar activity of that day after weighting it according 
to its quality * and the remaining photogra phs are ignored^ 

The mean daily areas and numbers of prominences during the half-year are given below. The means 

are corrected for incomplete or imperfect observations, the total of 181 days when plates were available being 
reduced to 175t effective days. . ® 

Mean daily areas Mean daily 
(square minutes). numbers. 

North ... ^ ^.02 g.gy 

South ... ... ... ..V ■ 3-45 g- 40 . 


Total 


8‘08 


17-83 


, Compared with the second half of the year 1925, areas show an increase of 45 per cent in the northern 
hemisphere and an increase of 11 per cent in the southern. In the case of numbers, there is an increase 
amounting to 12 per cent in the northern hemisphere, and a slight increase in the southern. The excess of 
activity in tlxc nortliGi’u h.Gin.isplici’G lias become more marked again. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means based 

on Kodaikanal photographs alone are also given, 174 days of observation being counted as 167 effective days. 

. Mean daily areas Meau daily 

(square minutes), numbers. 

North (Kodaikanal photographs only) .Vi ... g.gy 

South do. .„ ... ... 3-52 g.gg 


Total 


818 


18-22 


The distributioii of the prominences m latitude is represented in the following diagram m which the full 
line gives the mean daily areas and the broken line the mean daily numbers for each zone of o of latitude 
The most active zone is now S') ^0 in both hemispheres The peak in high latitudes has advanced 5 towards 
the poles compared with the last half of* 19 ^5 and in the advance towards the poles the southern hemisphere 
still lags about 10 behind the northern 


(^cci6 aii3 a/i6 

^anuatAj. 1 •to 80 1 926 

can &cac tvnc 


fmncaccc 



NORTH 





The monthly, quarterly and half-yearly- areas and numbers, and the mean height and mean extent of the 
prominences on photographs from all the co-operating observatories are given in Table I. The unit of area is 
1 square minute of arc. The mean height is derived by adding together the greatest heights reached by 
individual prominences and dividing by the total number of prominences observed ; the mean extent is 
derived by adding together the lengths of the base on the chromosphere of individual prominences and 
dividing by the total number of prominences. 


Table I.— Abstract bob the first half of 1926 . 


Months. 

ISTumber 
of days 
(effective). 

Areas. 

llTumbers. 

Daily Means. 

Mean 

height. 

Mean 

extent. 

Areas. 

Numbers, 

1926. 






// 

0 

January 

31 

262-9 

516 

8-5 

16-6 

45-3 

6-37 

February 

28 

235-3 

472 

8 4 

16-9 

42-8 

6-23 

March 

31 

283-1 

581 

9-1 

18-7 

46-5 

5-75 

April 

29^ 

207-8 

562 

7-0 

19-1 

37-2 

5-31 

May 

28| 

219-0 

608 

7-6 

17 7 

40-2 

; 5-82 

June 

. 

208-8 ; 

487 

7-7 

17-9 

41-4 

5-71 

First quarter 

90 

i 

781-3 

1568 

8*7 

17-4 

'45-0 

6-10 

Second quarter 

851 

635*6 

1557 

7-4 

18-2 

39-6 

5-60 

First half-year 

175i 

1416-9 

3125 

,8-1 

17-8 

42 2 

: 6-85 


Distrihution east and ivest of the Sun's axis. 

Areas showed a slight excess in the western hemisphere, while the numbers showed a slight eastern excess’ 
as will be seen from the following table ; — 


1926 J anuary to June. 

Bast. 

West. 

Percentage East. 

Total number observed 

1.578 

1647 

50‘6 

Total areas in square minutes .... 

678-0 

738-8 

47-9 


Metalhc prommences 

One hundred and thirty three metalhc prominenceB were observed during the half year more than f<mr 
times themumber lu the previous half year The proportion in the northern hemisphere was ( 4 per cc nt 

Tabus II— List of Metallic pbomdiencbs obshbvbd at Kodaikanal January to Junk I Ut 


L t tad 


Vrth th 


Limb H ight 


■Janoaiy 1 


e 9 44 


17 9 20 

18 9 30 

18 9 30 

18 9 10 


21 10 3 

22 9 42 

23 B 24 

24 9 5 


21 296 


9 24 5 

5 


10 205 

3 315 

3 31 

2 26 
5 275 


6 29 

3 305 

3 

3 216 


25 

10 20 


9 2 27 286 


fil97 8fiJU« rjl'ix 
5361 8 rSBU » f I 1 

6234 8 627( J rilCH 

b 627r 2 f lir H 

b 6202 2 r ill 8 


bi 6107 8 6270 2 fSIi M 


^^6677 7066 ^^®®^ b b b 6816 8 68CHO D I) 

S'A*' ” ” » 

S!E/b,E 5, SUB B 

*K»6““T66?(^fe'' I' MJSBSTCJftlr. 
b b b b 6816 8 I) D 

b b b b* D D 

49241 b b b b 63166 D D 

mf5&S°KiVD ” ' 

1 1)%^ d^b67^)'’^ ^ (Form well aoen 

49241 b b h h ® ^ 

49111 i u ^ “168 D D 

SlTr"®™/, V D 

S! Vae^*’ b®‘S^ P f “eSn tS® 

6677 7066 ® ^ b b b* 6284 8 6816 8 D D 


62348 fiiiN 
8234 8 bjm i 


1 1>. D 
49241 t b 
49241 b b 
4924 1 b , b 


Ji D, D h hj 

4924 1 66i 8 8 b b^ 
4924 1 bi , b b b 
49241 {{(iiae b'^ h 
6677 7066 
b b b b*,D, D 
4924 1 6016 feoibo b 
4924 1 6018 6 b. b. 
49^ 1 6C10 6dl8-S 
5g6 2 62842 m 

4924 1 60186 b.b b 


,4, ^ 

^b®®u®.b«b,b4 68168. 6863 0 D 


6A)48 

6t!77 


«5« Wl ^ Vf g ® * 

'a.jiiSjgf on* 


Date. 

Hour 

I.S.T. 

Base. 

Latitude. 

Limb. 

Height. 

North 

.jsouth 

'1920. 

11. M, 

0 

3 

- 


tf 

February 1 

9 15 

17 

26 5 


W 

120 

2 

9 0 

3 

24‘5 


E 

70 

2 

8 50 

IB 

34*5 


W 

110 

B 

10 15 

3 

25-5 


E 

10 

B 

10 40 

4 

30 


W 

40 

4 

10 n 

5 


19 6 

E 

25 

4' 

9 55 

B 


24*5 

W 

45 

4 

9 18 

4 

35 


w 

30 

, ■ 5 

8 58 

8 

27 


E 

25 

0 

9 45 

2 

45 


E 

15 

0 

9 45 

2 

40 


E 

10 

0 

9 45 

8 

80*5 


E 

15 

0 

10 22 

4 


20 

E 

15 

0 

9 8 

8 

29 


W 

40 

7 

8 52 

4* 

BB 


E 

35 

7 

8 43 

2 


18 

E 

65 

10 

9 42 

1 

30*5 


E 

10 

10 

9 42 

2 

25 


E 

20 

10 

9 42 

2 • 

20 


E 

10 

11 

8 33 

() 


25 

W 

35 

13 

9 52 

1 

13 5 


E 

15 

13 

10 27 



29 

W 

15 

13 

10 27 

1 


21f) 

, E 

15 

14 

9 58 

5 

17*5 


E 

20. 

14 

9 58 

3 

20 5 


E 

10 

15 

10 12 

4 

17 


E 

15 

10 

9 8 

4 

41 


E 

50 

16 

9 31 

• 2 • ' 

28 


w 

10 

17 

10 33 

3 

46-5 


E 

35 

17' 

10 22 

1 

16 5 


E 

15 

18 

9 32 

2 

33 


E 

10 

21 

9 -50 

9 


18-5 

W 

75 

21 

9 30 

3 

9*5 


W 

10 

22 

10 0 

7 


33*5 

E 

40 

22 

9 16 

2 


19 

W 

45 

23 

8 40 

4 . 


36 

E 

65 

23 

8 58 

8 

10 


W 

40 

24 

9 30 



16 

W 

10 

24 

9 5 

20 

32 


VV 

10 

25 

9 33 

■ 4 


*26 

E 

15 

25 

9 35 

4 


30 

E 

10 

26 

8 57 



25 

E 

10 

March 3 

9 45 

3 


16*5 

E 

10 

4 . 

9 2 

5 

23*5 j 


E 

15 
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Lines 


5276-2, 5316-8, D,, 

-^2> *1 VOuiJg 

b„, b:„bj,b4, 5316-8, Di,Dj. 

4924-1, 5018-6, b„ b^, b„, b„, 5197-8, 6234-8, 5276-2 
6284-2, 5316 8 , 5368-(), 5536-1, D., D„ 6677, 7066. ’ 

4924-1 5018-6, bi, b^, h, b^, 5276-2, 5316-8, 6337-0, 5363-0 
Di, Da, 6677, 7066. ' 

’"l ’ 5276-2, 5316-8, Dj, D„ 7065. 

49-24-1, 5018-6, b,, bj, bj, bi, 6234-8, 6276-2, 5316-8 
6.337-0, 6363 0, 6506-1„D,! 0^7065. 

49^ 1-6018-6, bi, b„ ba, K, 5234-8, 6276-2, 6316-8, 5363-0, 

5i- 62 , b,„ b,, ,52,34-8, 6276-2, 5316-8, 

ODUO'U. 

bi, b„ bj, bi, 6316-8, D,, D^. 

bi, bo, ba, b*. Di, Da 

49^-1, 5018 6 , bi, ba, bj, 64 , 62348, 6276-2, 5316-8, 6361-7, 
D I D 2 . doTT , 7 065 . 

5s- 61 , 6208-7, 5234-8, 5276-2. 

Ddlb o, 5o61‘7, Da. 

5018*6, bt, ha, ba, b^. 

49^-1, 6018-6, bi, ba, b,, bj, 62348, 6276-2, 5316-8, Di, 

.5016! 5018 6 , bi, bj, hj, bj, 5316-8, Dj, D., 7065. 

49-24-1 5016,6018-6 bi,ba. ba,b 4 , 62348; 5276-2, 5316-8, 
563,5-1, D], Da, 6677, 7066. 

' ’’s’ 5234-8, 6276-2, 5316-8, 

5736d 0, Di, Dj, 7065. 

^3’ ^4) 5234*8, 5276*2, 5B16*8, 5363*0. 

D 1 , Da? 70(35 

5276-2, 5316-8, 

Odbd’lJ, L) If Da, 7(j(>5, 

49241, 501£6, bi, b*. b^, bi, ,5276-2, 5284-2, 5316-8, .56.36-1, 
Di, Da, 6677. ’ 

ba, bi, 5234-8, 52762, 5316-8, 

5dud‘0, Dj, Da* 

bj, bj, bj, h,i, Di, Da, 7065. 
bi, ba, ba, bi, Di, Da, 7065. 

4924 1, 5018-6, bj, ba, b,, bj, 5197-8, 5204-8, 5206-2 
6208 6 , 5227-2, 5316-8, 5328 7, 6,363-0, Dj, I) .,6677! 

bi, ba'.bo,bi,6.316-8,Di, Da. 

.5018-6, bj, ba, ba, bi, 5208-6, 6233'1, 5270-0. 6316 8 D, 
Da, 6677, 7065. ooioo,u,, 

49241, 6018-6, bj, ba, ba, b*, 6316-8, Di, Da, 7065. 

5018-6, bi, ba, ba. bi, 5.316-8, D„ Da. 

bi, ba, ba, bi, Di, Da. 
bi, ba, ba.bi, Di, Da 

6018 - 6 , b„ b.a, ba, bi. 5316-8, Da, Da. 

4924-1, 5018-6, bi, b.a, ba, bi, 62,34 8 , 6276-2, 6,316-8 D, 
Da, 6677,7066. ’ " 

"IjkofTi-VlTfe.'’-- 

49-241, bi, ba, b;, bi, 5316.8, Dj, D,. 

5018 6 , bj, ba, ba, bi, 5270-1, 6316-8, Dj, D.. 

bi, ba, ba, bi, 6316‘8, D,, Da. 

4924-1,5018-6, bj, ba, ba. bi, 6316-8, Dj, Da. 

4924-1, 5018*6, b,, ba, b„ bi, 52.34-8, 6276-2, 5316 8 
,5363-0, D„ Da, 6677, 7066. ’ 

^S-0^7()65’ 5316-8, 

5018-6, b’l, ba, ba, bi, 5276-2, 5316*8, 5363*0, D,, D» 

bj, ba,ba,bt, 5316-8, D„ D a, 6677. - i' »• 

bi, ba, ba, bi, Di, Da. 

5^54-8, 5276-2, 5316-8, 

OOUO .V/j JJ|» J.^ 2 * 

49*241, bi, ba, ba, bi, 5316*8, Dj, Dj, 6677, 7065,. 



Latitude. 


Limb. Height. 


North. South. 


1926. 

March 5 


6 10 15 

6 9 30 


10 66 , 


^6 9 9 

28 10 46 


8 

6 21 


3 48*6 W 

7 18’6 E 


4 

8 44 


10 6 W 


27'5 W 

22 6 W 

22'6 E 


^1363-0®d!;d!A>’^‘’ 

bi,.ba, ba, bi, Di, Dj, 7065. 

*®7066 6234-8, 6316-8, D„ ])„ 

6018-6, bi, b„ brf, b*, 6316 8, Dj, D». 
bi, bj,, b„ b., 6316'8, Di, D„ 

4924-1, 5016, 5018-6, b., bj. b. b/ 5t97-fl fiyiU i. 
6677, Vis 

6018-6, b,, bg, bs, b*. 5316-8, D,. D,. 

64. 5234-8.6276-2, 531(1 s, 

OOOO’O, Di, Da. 

^*A- ’’.i b*, 6276 2, 6316-8, D„ Dj. 

^®6677, TOek ®’ 

‘SaTo-HmE. ’’- S.’!" 

???■ 6.. b*, 6234-8, 62W, ; 
P». 0677, 7066, 

H'±‘*6». b., 6234-8, 6276-2, 5316-* 
-.^S003■0, Pi, Da, 6677, 7066. 

4924-1, 6018-6;_b„b„ b., b*, 6316-8, D„ D^. 

0], ba. Da, 04 , Di, Da. 

b^. 6197-8, 6204-7, Ssflw* 
6234-8, 6270-6, ^5^6-2, 6316-8, 63B3-0, D„ D», 70iaV. 
bi, b», b.,b,i, 6316-8, D,, Da, 

4924-1, 4934-2, 6016, 50ll8-6, bi, b„ b„ b*. 6197 
soSH’ 0234-8, 62G9-7, 62762, 62H4‘3; 
^08-0, 6636-1, D„ D., 6677, 70116. 
4924-1, bi, ba. ba, b*, 6316*8, Di, D.. 

492*'l- 6018-6, b,,b,. b„ b., 62.^4-8,62762, 631(l-i*. 

6363-0, Di, Da, 6677, 7066. 
b 1 , bg, be. bg, 6316-8, D,, Dg, 

0816-8, 6535 1, 1>„ 

Dsj 6677, 7065. 

bj. b,, b., bi. 6197^8, 6234-8, n2(V.*-t. 
6276-2. 5284-3, 5316-8, fe82, 6363-0, Dj, 6*, 6(177. 
7066# 

02.34-8, 6276-2, 531(1 »*, 

6,363-0, D„ D., 7066. 
bi, bg, bgj 1^, 6316*8, D,, Xlg,, 

49241, 6018-6, b,, b„b,, bg, 6234-8, 6276-2, 63141^ 
Di, D„ 6677, 7066. 

4924-1, 6018-6, b,,b„b„ bg, 6234-8, 6276*2, 631(1*, 
6368-Oi, Di, Dg. ■ 

49241, 6018-6, bi.bg.ba.bi, 6234-8, 6276-2, 6316*. 

5363*0^ D,, Da. 
bi,ba, ba, bi, 6316*8, D ., Da. 

4924-1, 6018-6, bj.bi.b., bi, 6316-8, 6863-0, 6r).Hi r. 

Di.Da. 

bj- bi, ba, bi, 5316*8, D*, D*. 

49-24-1, 5016, 6018-6, bij.ba, b.,bi, 6816-8, D„ D. 
6677, 7066.' fi.- - 


9 ,3' :6,-. 


26-5 B 


4622-0, 4924-1, 4984-2, -lOBT-S, 6018*6, 6031-2, 6107 •(, 
,6Up,' bj,b,, bj, L 6197*7, 6204-7, 6206-3, 620**.. 
6227-4,^ 6234*8, 6269 9, 62706, 6276-$, '6284-2, 681(IK 
6328-2,' 6837-0, 6 att-ilS 6 »- 0 , 6871-7, f»97-8, 6406.1' 
6486-4f 6429'9j_Ml%i^^6636-l, Dj, Di, 6677.7USfr 
bi, ba, bj, bi, 6316-8,^0-1, uOi, 7066. 
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Date. 

1 

Hour, 

LS.T. 

Base. 

Latitude. 

liimb. 

Height. 

North. 

South. 

1926. 

It. M. 

o 

o 

O 


rr 

May 2 

9 45 

1 

22*5 


E 

15 

6 

■ 9 38 


33 


E 

10 

9 

9 22 

2 


32 

E 

1 lb 

9 

9 35 

1 

17-5 


W 

25 

12 

9 10 

4 


22 

w 

; 10 

20 

10 1 

6 

22 


w 

10 

23 

9 15 

7 

81-5 


w 

30 

31 

9 25 

3 


17-5 

E 

10 

June 11 

9 50 



15 

W 

10 

15 

9 21 

3 

17-5 


w 

10 

15 

9 49 

1 

25-5 


E 

10 

23 

9 9 

4 

22 


E 

15 

24 

9 20 


26 


E 

10 


Lines. 


W3, Ud,, JL/ ,, /uoo» 

^2, bg, hi, D], D 2 . 

K K bg, bi, 5316-8, Di, Dg. 
bi, bs, bg, b 4 , 6316-8, Dj, Dg, 6677. 

5316-8, Di, Ds, 6677, 7065. 

6018-6, bi, bs, bs, bi, 5316'8, Dj, Dj. 

b], bg, bg, b^., D 3 , Dg, 

bi. b,, bs, b.,, 6316-8, Di, Dj, 6677. 

T3t^8,f3iU’J:6fe,*’r06l^^-®’ 

t36kTD’.&7%& 

53 . bi, 6-270-6, 6316-8.5363-0, 

JDj, Dg, oa77, 7065. 

1»-o,Tli.,'?«^;' ‘‘ ‘'- 


Their distribution in latitude is sho-wn below : — 




11°— 20'’ 

21°~30° 

31°~40° 

4l°-60° 

Mean 

Extreme 




1 

latitude. 

latitudes. 

North 

4 

19 

35 

22 

5 

26°-7 

8° and 48°‘.5 

South 

1 

16 

1 23 

7 

2 

23°-9 

0°-5 and 42° 


Seventy-three metallic prominences were on the east limb and sixty on the west. 


Dmplncements of the hydrogen lines. 


Particulars of the displacements observed in the chromosphere and prominences ai-e given in the 
following table :— 

Table III.— Displacements op Hydeogen Lines. 


Date'. 

Hour 

LS.T. 

Latitude. 

Limb. 

Displacement, 

Remarks. 

North. 

. South, 

Red. 

Violet. 

Both ways. 

1926. 

H. M. 

o 

Q 


A. 

A. 

A. 


January 1 

9 4 

70 


E 


0-5 


At base. 

1 

9 24 


26 

W 

1 



At top. 

1 

9 13 

14-5 


W 

1 



Do. 

2 

9 8 


18 

w 

1 



Do, 

2 

8 52 

61 


w 


Slight 


At base. 

2 

8 48 

78-5 


w 


Do. 


Do. 

3 

9 14 


16 

w. 

1 



At top. 

3 

9 8 

21 


w 

3 



Do.^ 

3 

9 4 

29 


w 

1 


1 

Do. 

3 

9 2 

32 


w 


1-5 


At base. 

,4 

9 30 

12 


w 

1 



At top. 

4 

' 9 30 

16 


w 


0-5 


Do.^ 

, 4 ■ 

9 30 

26 


w 

; 2 



Do. 

4 

9 10 

30' 


w 


1 


At base. 

4 

9 10 

34 


w 

1 



At top. 

4 

8 32 

82 


w 

1 



Do.^ 

5=-. 

9 18 


38 

w 


0-5 


At base. 


2 -a 
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Date. 

Hour 

Latitude. 

Limb 

Displacement. 

LS.T. 

North 

South 

Red. 

Violet. . 

Both ways. 


• 

1926. 

H, M. 

o 

a . 


A. 

A. 

A. 

January 5 

9 10 

20 


W 


1 


6 

9 6 

29-0 


W 

2 

3 


6 

9 1 

60 


w 

Slight 


a 

6 

10 33 

66 


E 

1*5 


6 

.6 

9 ’ 37 

9 41 

2»-6 

26-5 


E 

E 

2 i 

Slight 

3 


6 

9 44 

26-6 


E 



6 

10 55 

22 ■ 


W 

Slight 



7 

8 56' 

49 


E 

. 0*5 



7 

9 31 

30 


E 

1 



7 

9 22 

21 


E 

1 



' 7 

9 00 

33 


W 

2 



8 

8 55 


29 

w 


2 



9 58 

83*6 


E 


1 


11 

10 24 

34 


E 


0*6 


11 

9 56 

21 ' 


E 


1 


12 

9 0 

26 

26 

W 

Slight 


* 

12 

9 0 


w 

Do. 



13 

9 47 

32-6 


E 

2 



13 

9 34 

85 

11 

W 

Slight 

- 


14 

8 46 


E 

Do. 



14 

9 34 


16 

E 

1*5 ' 


14 

9 16 


82 

W, 


1*5 


14 

9 0 

2*5 


w 

1 


14 

8. 66 

24 


w 

0*5 ' 


15 

8 52 

545 


E 


0*5 


15 

8 40 

28 ; 


w 


0*5 


16 

9 22 

16 ' 


E 


1 


16 

9 22 

18 ' 


E 

1*6 



16 

9 22 

20-5 


E 

2 

» 

16 

■ 17 

8 58 

8 50 

48 ' 
83 


W 

E 

E 

0‘5 

Slight 


17 

9 20 

23*5 


1 



17 

9 20 

20 


E 

0-6 , 


17 

17 

9 28 

9 34 

3 

.19 

E 

E , 

Slight 

1 


■ 17 

18 

8 65 

8 44 

46 

83 


W 

B 

Slight 

Slight 


18 

9 30 

26 


E 

2 '5, 

2 


18 

9 30 

20 


B 

■ 2 



1& 

1 9- 24 


13 

E 

1 


18 

9 45 

33 


W 


0*6 


18 

9 10 

27-5 


W 

3 

2 


18 

9 60 

24 


W 

2 



19 

9 2 

84 


E 


. ■ 1 


19 

. 19 . 

9 0 

. .9 40 

77 

305 


B 

E 


Slight 

1'5 


20 

9 16 

69*6 


E 


05 


20 

9 48 

30 5 


E 

; 1 


.20 

10 20 


' 

E 

1'5 




9 32 

23 

W 

■1 

1 



9 36 

19- 


w 

0-5 



21 

11 4 


36 

w 

,2 

' ’'2 . 


21 

11 4 


22‘5 

w 

1 . 


21 

11 7 

' ‘ 

|6-6^ 

w 

1’5 



23 

8 52 

805 

E 

Slight 


23 

9 39 

23 


E 


il^ 


23 

23 

23 

9 30 

9 28 

9 4 

32 ^ 

69-5 

,38i6; 

W 

W 

W 

slight,. 1 
11 

Slight ' 

’I. , 


23 

9 1 

40 ' 


w 

0-6 .. 



23 

24 

8 67 

9 20 

58-5' 

* .- 1 

|'46.^ ' 

w 

w 

' 'a- ■ ■■ 

Slight 

. ‘ ■■ • 

24 

30 

9 6 

9 25 

20':; 
as ’ 

w 

E 

1 '■ 

06 

Slight , 

^ ■■ 

30 

9 20 

28 

■ •- A i 

E . 

i 

1 

Slight , ' 

i 



BemarkB. 


To red (it base i to violet at top. 
At top. 

To red at base ; to violet at top. 
At base. 

At top. 

Do, 

Do. 

Do. 

Do. 

At top. 

Do. 

Do. 

Do. 

Do. 

At baAe. 

At top. 

Do: 

Do, 

At base. 

At top. 

At base. 


At top. 

At base. 

At top. 

At base. 

At top. 

Do. 

At baae. 

Do. 

At top. 

At base. 

At top. 

To red at base j to violet at top. 
At top. 

Do 

Do. ! 

To red at top j to violet at base, 
At top. 


No prominence. 

At top 

No promineuoe. 

At base. 

Do. 

At top. 

Do, 

Do 

At base, 

At top. 

At top , 

No prominence. 

At top. 

Do. 

-.Do. ■ ; . 

At top. , 

In ohroziaosphere. ' | 

At'tqp. 
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Latitude. 


Displacement. 


Bate. 


Hour 



Limb. 



Remarks. 


LS.T. 




' 






North. 

South. 


Red. 

Violet, 

Both ways. 


192(). 


Tl. 

M. 

o 

o 


A. 

A. 

A. 


January 

30 

9 

42 


30 

W 



2 

At base. 


30 

9 

42 


29 

W 


2 


Do 


30 

9 

42 


28 


2 



At top. 


30 

30 

9 

9 

39 

35 


22-5 

21 

w 

w 


2 

2 

Over the whole prominence. 

At top. 


30 

9 

35 


20*5 

w 


Slight 


Over the whole prominence. 


30 

9 

34 


19 

w 


1 


At base. , 


31 

31 

9 

9 

2 

22’5 


w 

3 



At top. 


4 

34-5 

1 

w 

1 

; 


In the middle of prominence. 

February 

1 

8 

59 

50*5 

i 

E 

Slight 



■ 


1 

8 

48 


54 1 

E 

Do- 





1 

8 

45 


74 ! 

E 

1)0. 





1 

9 

13 

14 


W 

3 





2 

8 

55 


62 

W 


Slight 

3 




3 

10 

22 

27 


E 

2 


At base. 


3 

4 

10 

0 

24 


E 

Slight 



Do. 


10 

33 

37 

12 ^ 

66 ; 

E 

1 



In chromosphere. 


4 

9 


W 

1 



At top. 


4 

9 

12 

51*5 


W 

3 


■ 

Do. 


5 

8 

54 

25 

1 

E 

Slight 





5 

^ 8 

46 


18'6 

E 

Do. 


- 

At top. 


(> 

1 9 

50 

32 


E 

1 



Do. 


() 

! 10 

17 


19*5 

E 



Slight 

Do. 


6 

! 9 

30 


19*5 

W 

Slight 


Do. 


7 

8 

43 

67 

19 

E 

Do. 

Slight 


To red at base ; to violet at top. 


8 

8 

43 


E 


0*5 


At base. 


8 1 

8 

38 

49 


E 

1 



At top. 


8 

9 

11 

24 


E 

0 5 



Do. 


8 

9 

6 


7 

E 


Blight 


Do. 


8 

9 

6 


13 

E 

1 



Do. 


8 

8 

49 

53*5 


W 

Slight 



Do. 


1) 

9 

3 

54*5 


W 

2 


Do. 


10 

10 

11 

()2 


E 

1 



At base. 


to 

9 

49 

17 


E 


1 


At top. 


10 

9 

30 


12 5 

E 

. 1 

^ 2 


Do. ' 


10 

9 

4 


79*5 

W 

Slight 



Do. 


11 

8 

33 


33 

W 

1 




11 

8 

33 


24 

W 


1 


At north end. 


12 

8 

58 

76*5 


E 


0*5 


At top. ; 


12 

8 

55 ' 

•72 


E 


Slight 


No prominence. 


12 

8 

52 

69 


E 

Slight 


At top. 


12 

9 

0 

71 


W 

0*5 



Do. 


13 

10 

7 

40-5 


E 

E 


3 


Do. 


13 

10 

7 

405 



Slight 


At base. 


13 

10 

5 

21*5 


E 


1 


At top. ' 


13 

9 

59 

1 


E 

1 



Do. 


13 

9 

22 


17 

E 

1 



In a filament in the middle portion. 


14 

9 

32 

51 


E 

1 



At top. 


14 

9 

9 

6 

38 


E 

' 1 

1-5 


Do. 


14 

40 

12 


E 

3 

■ 2 


To red at top ; to violet at base. 


14 

10 

6 

10 


E 

1 



At top. 


14 

9 

20 

30 


W 

Slight 



Do. 


14 

9 

18 

()() 


W 


0*5 


At base. 


14 

•9 

15 

68 


w 

0*5 





15 

9 

42 

39 


E 

. 1 

1 


To red at base ; to violet at top. 


15 

10 

12 

17 


E 

1 

i2 ■ 


Do. 


K) 

9 

56 

44 


E 


1 


At top. 


If) 

10 

0 

29 


E 


0*5 


Do. 


16 

9 

i) 

28 

46 


W 


Slight 


At base. 


16 

20 

86 


W 

0*5 

1 


To red at top } to violet at base. 


17 

10 

38 

63 


E " 


1 


At top. 


17 

10 

32 

47*5 


E 

1*5 



At base. 


17 

10 

32 

47 . 


E 


V ;0'5 


At top. - 


17 

9 

38 


27 

E 

E 


Slight 


Do. ^ 


18 

9 

0 

50 


1° 


To red at top • to violet at base. 


18 

9 

12 

25 


W 

1*5 

'l- 


Do. - 
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Latitude. 

lsT p — 

North. South. 


Dieplaoement. 


Violet, Both ways, i 


Remarka. 


February 


I-!:- 






H. 

M, 

8 

60 

9 

22 

9 

16 

9 

60 

9 

40 

8 

63 

9 

0 

8 

38 

8 

60 

9 

2 

9 

35 

9 

10 

8- 

67 

9 

28 

9 

14 

9 

14 

9 

8 

9 

16 

8 

42, 

9 

55 

9 

8 

9 

45 

9 

2 

9 

2 

9 

16 

9 

1 

8 

56 

9 

21 

9 

68 

10 

. 4 

10 

7 

10 

22 

10 

0 

10 

25 

10 

6 

9 

30 

9 

26 

9 

27 

9 

40 

9 

28 

9 

27 

11 

34 

8 

40 

8 

27 

8 

56 

11 

27 

10 

61 

8 

60 

8 

31 

8 

31 

8 

26 

9 

10 

9 

20 

9 

23 

9 

16 

9 

4 

9 

0 

9 

19 

9 

21 

9 

40. 

9 

0 

9 

46 

8 

48 

9 

20 

9 

4 

8 

63: 


w 

w 

60 W 

E 
E 
B 
W 

19 E 

40 W 

4 W 

E 
E 
E 

16 E 

11-6 B 

W 

34-6 W 

W 

E 

60-B W 


; ■ E. 

60 . W 

: E 

E 

66 E 

78 W 

W 

w 

49 W 

43-6 W 

W 

w 

1 w 

71-h W 


At base. 
At top: 
Do, 
Do. 
Do. 
Do, 


Over whole of prominence. 

At base. 

At top. 

Do. 

Do. 

Do. 

At base. 

At top. 

Do. 

Do, 

Do. 

Do, 

Do. 

At base. 

At top. 

Do. 

At base. 

Do. 

At base. 

At top. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

At base. 

At top. 

A little h^low top. 

In the middle of prominence. 

At top, 

Overi fewer part of prominence. 

No prominence. 

At base. . 

Do. 

At top. 

To red at base * to violet over middle 
part. 

At btoe. , 

At top. 

At Bouih end of R. 

At top. 

At base. 

No prominence. 


At top. 

Dp. 

Do. 

At hase^ 
D0. 
Do. 
At top* 
Do, 
Do. 
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Date. 

Horn’ 

Latitude. 

Limb. 

Displacement. 


I.S.T. 

ISTortli. 





Bemarks. 




South. 


Eed. 

Violet. 

Both ways. 

VM). 

11. 

M. 

« 

o 


■ A. 

A. 

A. 


.March 22 

8 

31 

80 


E ^ 


Slight 



22 

8 

29 

(;)1‘5 


E 

Slmht 



22 

1.) 

2 

37*5 


E 

Do. 




22 

8 

40 

33‘5 


W 

Do. 




22 

8 

37 

50 


W 


Slight 



23 

9 

9 

10 

53 

21 

0 

61-5 

c: 

E 

Do. 


At base. 

2B 

23 


E 

W 

1 


Slight 

At top. 

Do. 

23 

10 

10 


19 

W 


3 


Do 

23 

10 

10 


18 

w 

L5 



Do. 

23 

10 

32 


9 

w 

1 



Do. 

23 

10 

37 

13 

23 

w 

1 

Slight 


Do. 

24 

9 

3 


E 

Slight 


24 

8 

40 


79 5 

E 

Do. 




24 

8 

47 

28 


W 

1 



At base at southern, end of promi- 

25 


59 

46*5 






nence. 

8 


E 

1 

Slight 


To red at top on the whole of the 

25 


50 







filament ; to violet below it on the 
head of the main portion. 

9 


8-5 

E 


1 


At top. 

25 

9 

55 


12 

E 


Slight 


Do 

25 

10 

5 


47-5 

E 

1 


In chromosphere. 

25 

8 

50 


30 

E 


Slight 


At top. 

2() 

9 

10 


21 

W 

1 


20 

9 

20 

,01 

51 

W 

Slight 1 




27 

10 

29 


E 

0-5 



At base. 

27 

10 

33 


70 

W 

0-5 

Slight 


At top. 

27 

10 

() 


17 

W 


Do. 

27 

9 

33 

19 


w 

Slight 



Do. 

27 

9 

39 

22 


w 

1 



Do. 

28 

8 

47 

32*5 


E 


1 


Over whole prominence. 

28 

8 

44 

. 9*5 


E 


Slight 


28 

8 

53 


38-5 

■ W 

Slight 


At top. 

21) 

8 

28' 

07 


E 

i 

Slight 

21) 

8 

44 


28 

W 

1 

1 

To red at base 5 to violet at top. 

21) 

8 

42 

11 


w 


Slight 


29 

8 

32 

74 


w 


Do. 


At base. 

30 

8 

48 


1 

E 

2 



No prominence. 

30 

9 

3 

, 34 


W 

0 5 



31 

9 

38 

15‘5 


E 


1 


At top. 

31 

8 

59 

64 


W 


Slight 


At base. 

31 

9 

0 

07 


W 

Slight 


At top. 

.April 1 

9 

35 

25 


W 

Slight 



At top. 

8 

42 

31 


E 

Do. ! 


Slight 


2 

8 

48 


11 

E 



At base. 

3 

8. 

50 

12 


E 

Slight 


3 

8 

45 


36*5 

E 

1*5 



At base. 

4 

9 

23 

32 


E 

1 



4 

9 

12 


11*6 

E 

] 



At top. 

4 

9 

31 


17/ 

W 

0 5 



Do. 

5 

9 

12 

14 


E 

Slight 



At base. 

5 

9 

43 

47‘5 


W 

1 



At top. 

8 

9 

29 

1 


E 


1 


At base. 

8 

9 

38 

15 


E 

1 

2 ' ; 


Do. 

8 

9 

38 

17 


E 


■ 2 . 1 


At top. 

8 

9 

13 

29-5 

W 

1 



At top of two prominences. 

9 

8 

34 


43 . 

E 

Slight 




1) 

8 

40 

42 


W 


1 


At top. 

10 

9 

31 

22 


E 


1 


10 

11 

9 

8‘ 

22 

47 


32 

2V5 

W 

E 

2 

3 



Do. 

Over whole prommence. 

ll 

8 

44 


31-5 

E 


Slight 


At top. 

11 

8 

55 


26 

W 


0-5 


No prominence. 

12 

8 

38 


9 

W 


Slight 


At top. 

At base. 

12 

12 

8 

8 

38 

30 . 

67: 

13 

w 

w 

Slight 

2 
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Date. 


1926. 


April 


May 


U 

15 

15 

16 
16 

15 

16 
17 

17 

18 
18 
18 
19 
19 
19 

19 

20 
20 
21 
21 
21 
21 
21 
22 
22 
22 

23 

24 

25 

25 

26 

25 

26 


26 

26 

26 

26 

26 

27 

27 

28 


28 

28 

28 

28 

28 

28 

29 

29 

29 

29 

29 

30 
-30 


Hour 

I.S.T. 


H. M. 


9 0 
9 37 
9 21 
9 22 


9 12 
9 12 


9 10 
9 32 


56 

37 


8 47 
8 51 
2 


10 

10 

9 

9 

9 

9 

9 

9 

9 

9 

8 


8 42 
8 37 


8 28 
8 48 


8 47 
8 46 


8 38 
8 33 


0 

62 

7 


9 10 
8 25 


8 46 
8 46 


8 58 


8 

8 31 


16 
9 16 


North. South. 


8 38 


10 25 
9 44 


8 36 
8 60 


6 

6 

56 

42 

31 

23 

23 

60 

18 

48 

18 


9 17 
9 6 


5 

8 47 


9 3 


9 31 
9 26 
.8 39 
8 43 

8 52 
9-36 

9 6 

9 0 

10 11 


Latitude. 


Limb 


3-5 

35 

42-5 


18 

84 

77 

61-6 


3(1 


26'6 


23*6 

79 

60 


46 

66-6 

66*5 

52 


76 


84 

10 


67 


60-5 


30 

39 

36- 


27 

21 


32 

46 


82 

33'5 

10*5 

35 

23 


69‘5 

4 

11 

22 

22;5 

66‘6 

17-5 


64 

64*5 


20 


60 


14 

46 

26 


52 

36 


10 

24 

84-6 

86-5 

49 


18 
19*6 
21 ‘6 
86 
84‘5 


19 


33 

29 


20 

73'5 


E 

W 

W 

w 

w 

w 

E 

E 

W 

E 

W 

W 

E 

E 

E 

■w 

.E 

W 

E 

E 

W 

W 

w 

E 

E 

W 

W 

w 


E 

W 

w 

E 

E 

E 


E 

W 

W 

w 

w 

B 

E 

E 

E 

E 

E 

W 

W 

E 

E 

E 

W 

W 

E 

E 


W 

W 

E 

W 

W 

E 

E 

E 


Displacemeut. 


!Red. 


2 

3 

Slight 

1 

0^6 


1'6 


1 

2 

Slight 


Slight 

1 


Slight 


Slight 

Do. 


2 

3 

3 


2 

1 


Slight 


1 

0*6 


Violet. 


Both ways. 


llemarks. 


A, 


Slight 

Do. 

Do. 

, Do. 

2 


1 

0*6 


Slight 

Do. 


Slight 

2 

Slight 


Slight 


2 

Slight 

1 

Slight 


0-5 


Slight 

l]to. 

1 

2 

1 

1 


Slight 


Slight 


0-5 


Slight 


0*5 


At top. 
At base. 
At top. • 


At top. 

Do. 

Np prominence. 
At top. 

Do. 

Do. 

Do. 

Do. 


At top. 

At base. 

To red at top ; to violet at 
At top. 


Do. 
At base. 
At top. 
At base. 
At top. 
At base. 


At base. 
At top. 


More to red. 
At base. 


At base and southern end* 


At base. 
At base. 


No prominence. 


At base. 

On the whole prominence. 
In places. 

At top. 

Do, 


At top. 
At base. 


At base. 
Do. 


At top* 
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Date. 

I 

Hour 

LS.T. 

Latitude. 

Limb. 

Displacement. 

Bemarks. 

North. 

South. 

Hed. 

Violet. 

Both ways.. 

192G, 


n, 

M. 

0 

o 


A, 

A. 

.. 

A. 

1 ~ 

1 ' ■ 

.May 

8 

10 

17 


22-5 

E 

Slight 

Slight 


At base. 


9 

9 

22 

21 


89 

E 



9 

9 


67 

E 

2 





9 

9 

20 


8,8 

W 

Slight 





9 

9 

9 

9 

25 

26 

18 

9 

W 

W 

3 

Slight 


No prominence. 


9 

10 

9 

9 

85 

50 

17»5 

29 


W 

B 

1 

1 

Slight 


a'° w 


10 

9 

40 


18 

W 


Do. 


Do.^’ 


10 

9 

87 

25 • 


W 

Slight 





n 

9 

18 

29 


B 

2 



At top. 


11 

9 

55 


67 

W 


1 




19 

9 

22 

17 


E 

1-5 



Do. 


19 

9 

16 

15 


W 

1 



Do. 


20 

9 

57 

24 


W 


. 3 .. 


At base. 


2() 

9 

22 

50 


E 

1 



At ton. 


29 

9 

20 


80 

W 

Slight 



Do. 


29 

9 

9 

87-5 ■ 


W 

Do, 



At base. 


80 

80 

8 

48 


61 

W 

0*5 



At top. 


8 

88 

38 


W 

1 



Do.^ 


81 

9 

7 


26*5 

W 

2 



Do. 

. J UllO 

8 

9 

28 

27\5 


E 


3 


At top. 


8 

9 

21 

24*5 


E 

8 



At base. 


8 

9 

G 


28 

E 

1 



Do. 


0 

9 

2 

68 


E 

1 



At top. 


9 

10 

15 


0-5 

E 

1 



At base. 


n 

9 

58 


11 

E 

Slight 

Slight 


At top. 


11 

9 

50 


17 

W 



18 

9 

20 

38 


w 

0-5 



At top. 


15 

9 

45 

25 


B 


1 


Do 


15 

9 

21 

17‘5 


W 



8 


17 

10 

49 

67 


■B 


2 


At top. 


17 

10 

45 

30v5 


B 


1 


Do. 


17 

10 

26 


52-5 

E 


2 


Do 


19 

9 

12 


40 

W 

0*5 



• Do. 


19 

9 

5 

6 


W „ 


.flight. 

.. 



20 

11 

81 

80 


E 

8 


At top. 


21 

8 

86 


41 

W 

Slight 




21 

8 

84 

45 


W 

Do. 





22 

8 

48 

28 


E 

2 



At top. 


28 

8 

48 

71 


’■ '-E 


1 


' At base. 


28 

9 

9 

24 


E 1 


1-5 


At top. 


28 

9 

9 

22 


E 

B 



Do. 


28 

9 

9 

20 


E 

1 



At base. 


24 

9 

12 

24 


E 


8 


At top. 


24 

9 

12 

28 


E 

8 



Do. 


24 

9 

48 

30 


W 

0-5 



, Do. 


25 

10 

88 

24 


E 

Slight. ■ 





2(> 

9 

28 

9 


E 



2 

At top. 


27 

8 

52 

26 


E 

1 



At base. 


27 

8 

47 : 


23 

W 

0*5 



At top. 


There was a large increase in the number of displacements, the total number observed being 420 as 
against 202 in the previous half-year. They were distributed as follows 

Latitude. North. South. 

lo_3o° ... ... ... 134 92 

31°— 60° ... ... ••• ... 81 4.3 

610^90° ... ... ..... ... 47- 23 

Total ... 2,62 


158 




J-aa: 


East limb 
West limb 


Total 


222 

198 

420 


Two bmidred and thirty-one displacements, were towards the red, 176 towards the violet and 13 both 
ways simultaneously. 


Revet'scils anA di^laceinents cyn the ' Sun’s ddsc. 

^ Three h^dred md ninety-eight briglit reversals of the Ha line, 264 dark reversals of the D, line 
and 115 displacements of the Ha line were observed on the disc during the half-year. These numbers are 
large increases on the previous half-year. Their distribution is shown below ; 

Korth. Soiith. East. 

Bright reversals of Ha ... 186 212 200 

Dark reversals of Da ... ... ... ns 14.9 139 

Displacements of Ha ... ... 56 59 61 


West. 

198 

125 

54 


Eighty-thi’ee displacements were towards the red, 27 towards the violet and 5 both ways simultaneously. 


Prominences prcged^ed on the dito as absorption markings. 

^ Photographs of the Sun’s disc in Ha light were available from Kodaikanal and the co-operating 
^servatones for a total of 181 days, which were counted as 180 efiEective days. The mean daily mreas of 

Ha absorption mar^gs (corrected for foreshortening) in inillionths of the Sun’s visible hemisohere and 
the mean daily immbers are given below 

Mean Mean 

daily daily 

areSs. r ’ 

North 
South 


areSs. 

2946 

2650 


Total 


5596 


numbers. 

17-2 

17‘8 


35-0 


^eas have increased by 78 per cent ahd numbers by 45 per cent coinpared with the previous half-year . 
For wmparison with bulletins issued pri^ to the co-operation of other observatories, the means based 
on Kodaakanal photographs alone are also given, 173 days of observation being counted as 170 effective days. 


North (Kodaikanal photographs only) 
South do. 


Mean 

Mean 

daily 

daily 

areas. 

numbers. 

3009 

17-4 

2700 

18-2 

' . 


5709 

35-6 


The distribution of the 
with the previous half-year 

in ensified m the southern ; it has advanced tow^s the poles by S'’ in both hemispheres, 


shown in the accompanying diagram. Compared 
the high latitude peak has almost disappeared in the northern hemisphere but has 



GOO*-* 

As in the case of prominences at the limb, there is a slight eastern excess of numbers and an eastern 
defect of areas, the percentages east being 50’28 and 47'14, respectively. 

Thanks are due to the co-operating obsei’vatories for the photographs supplied by them. 

The Obsebvatory, Kodaikanal, T. ROYDS, 


19th February 1927, Director^ Kodaihanal and Madras Observatories, 
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BULLETIN No. LXXXI. 


SUMMARY OF PROMINENCE OBSERVATIONS FOR THE SECOND HALF 

OF THE TEAR 1926 . 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the- 
nternational Astronomical Union, all observatories taking spectroheliograms of the Sun have been asked to- 
co-operate with the Kodaikanal Observatory by supplying copies of their photographs on those days when the 
oc aikanal records are imperfect or wanting. In response to our requirements for the second half of the year 
l.)2(>, the Mount Wilson Observatory supplied prominence plates for 25 days and Ha disc plates for 19 days ■ 
Meiidon Observatory supplied K, disc plates for 3 days and Ha disc plates for 12 days ; and the Pitch 

Hill Observatory (Mr. Evershed’s) at Ewhurst, Surrey, England, supplied 9 prominence plates and 13 Ha 
disc plates. 

When only incomplete or imperfect photographs for any day are available from more than one obser- 
vatory, the best photograph is chosen as representing the solar activity of that day after vreighting it according 
to its quality, and the remaining photographs are ignored. 

ihe mean daily areas and numbers of prominences during the half-year are given below. The means 
are corrected for imperfect or incomplete observations, the total of 182 days for which plates were available 


being reduced to 161) effective days. 

Mean daily areas Mean daily 
(square minutes). numbers, 

North ... ... ... 4.()3 9-53 

South ... 3'02 8*32 


Total ... . 7-05 17-85 


Compared with the pi'evious half“year, ai^eas show a decrease of 13 per cent both in the northern and 
^titheim hemispheres, while numbers show a slight increase in the northern hemisphere and a slight decrease 
in the sontliern, both the increase and decrease being less than 2 per cent. The excess of activity in the 
northern hemisphere recorded in the first half of the year has been maintained. 

JFor comparison with bulletins issued prior to the co-operation of other observatories, the means based, 
on Kodaikanal photographs alone are also given, 155 days of observation being counted as 140 effective days. 


• 

Mean rlaily areas 

Mean daily 


{square minutes). 

numbers. 

North (Kodaikanal photogi'aphs only) ... 

4 40 

9-72 

South do. 

326 

8-56 

' ■' 

Total ... 7-66 

18'28 
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The distribution of the prominences in latitude is represented in the following diagram, in which the full 
line gives the mean daily, areas and the broken line the mean daily numbers for each zone of 5® of latitude. 
The ordinates represent tenths of a squai’e minute of arc for the, full line and numbers for the broken line. 
Compared with the previous half year the distribution exhibits some well-marked difiPerences. The maximum 
in high latitudes has made a greater stride towards the poles, the advance being 10® in both the hemispheres. 
Although the southern hemisphere in this region still lags behind the northern by about 10“, it shows- a 
preponderance of activity over tlie northern. A peak has appeared near 25° in both hemispheres, whilst the 
peak near 40° has disappeared in the southern hemisphere. 



The moutlily , quarterly and half-yearly areas and numbers, and the mean height and mean extent of the 
prominences oii photographs from all the co-operating observatories are given in Table 1. The unit of area is 
I square minute of arc. The mean height is derived by adding together the greatest heights reached by 
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individual prominences and dividing by the total number of prominences observed ; the mean extent s 
derived by adding together the lengths of the base on the chromosphere of individual prominences and 
dividing by the total number of prominences. * 


Table 1. — Abstract for the second hale of i92G. 


Months. 

Number 
of clays 
(etfectiVe). 

Areas. 

Numbers. 

Daily Means. 

Mean 
height. • 

Mean 
■ extent. 

' 

Areas. 

Numbers. 

1926. 






/f 


July 

28i 

161-6 

478 

5-7 

16-8 

35'6 

5-39 

August 

27i 

233-6 

519 

8-6 

19-0 

390 

5-81 

September 

27J 

192-0 

476 

7*0 

17-5 

3G-9 

6-48 

October 

• 28h 

207-5 

529 

7-3 

18 6 

40-6 

5 -04 

November 

25 

172-0 

424 

6-9 

17-0 

401 

5-71 

December 

29^ 

203-9 

537 

6-9 

18-2 

41 '5 

5-72 

Third quarter 

86 

58t-2 

1473 

7-1 

17-7 

iT2 

5-57 

Fourth - quarter 

86 

583*4 

1490 

7-0 

= 18-0 

40’8 

5-48 

Second. half-year 

1G6 

1170'6 

• 2963 

7-1 

17-8 

39-0 

5-52 


DistrlhuMon eaM and ivest of the Sun^s axis. 

Baring the- half-year areas showed a large western preponderance and numbers a slight eastern prepon-^ 
derance, as will be seen from the following table : — 


1926 July to December. 

East. 

. ; West. 

Percentage East. 

Total number observed ^ 

1511 

1452 

51-0 

Total areas in square minutes ... . ... 

■ 624-4 

646-2 

44-8 


t-A 
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Metallic prominences. 


Nineteen metallic prominences were observed dtiring the half-year, as against 133 in the previous half- 
year. Their details are given below : — , , ■ 

Table II.— List op Mbtallig pbominenohs obsbsvbd at Kod.ukanal, July to Dbobmbbb 1926. 


Date. 

Hour 

I.S.T. 

Base. 

Latitude, 

Limb. 

Height. 

Bemorks. 

North. 

South, 

1926. 

H. M. 

o 

o 

0 


// 


July 16 

8 63 

3 

19’6 


E 

20 

4924-1, 6018'6, bi, b„ b,, b,, 6269-8, 6276-2. 6316‘8, 








6535‘1, Db, 6677, 7066, 

23 

8 62 

1 


11*6 

E 

26 

hi, bji, b'o, hji, 6,Si6‘8, D ,, D 

30 

9 18 

3 

20-5 


W 

30 

bi, b,., b„b„Dx,D„. 

August 27 

8 56 

2 

19 


W^' 

10 

6018-6, b„ b„ ba, b*, 6316-8, Di, D., 6677. 

September 1 

8 63 

2 

32 


w- 

30 

b,.b„ba,b*,Di.D;„ 

4 

9 0 

1 


115 

w 

40 . 

4924 1, 6018-6, bi, b„ bo, b,, 5234-8, 6276-2, 6316-8, 








6363-0, D^,Db. 

26 

.9 6 

1 

23-6 


W' . 

5 

4924-1, 6018-6, b., ba, bo, b„ 6234-8, 6276-2, 6363 0, 









27 

11 24 

4 

26 


w 

10 

bi, bj, ba, b., 6316-8, Dj, D., 7065. 

'October 4 

• 8 '40 

3 

18-6 


E 

20 

4924-1, 5018-6, bi, b,, ba,b*, 5316-8, Dx, D„ 6677, 7065, 

21 

9 0 

1 

ir5 


w 

10 

4924-1, ,5018-6, bj, b., b„ b., 5316-8, 6363-0, Di, D„ 








6677, 7066. 

I7ovember 28 

9 15 

4 

29 


E 

16 

49241, 6018-6, b*, b„ b,, b., 6276-2, 6316-8, 6363-0, 








D], D »• 

29 

9 2 

5 

29-6 


E 

25 

4924-1, 4967-8, 6016-0, 5018-6, bi, b., b., b., 6276-2, 








6316-8, 6368-0, Dx,D,. 

December 9 

14 35 



’ 7 

B 

10 

6i, ba, ba, b^, 6677. 

17 

9 22 


33 


B 

10 • 

4924-1, 6018-6, bx, b*, b., b., 6316-8, 6363-0, Dx,D„ 








6677, 

18 

10 7 

4 

26 


B 

15 

4924-1, 6018-6, b,, b,, b,, b., 6276 -2,, 6316- 8, 6363-0, 








Dx,D.,6677,7(i66. 

20 

9 6 

8 


11 

E 

20 

4924-1, 6018-6, bj, b„ b„ b*, 6276-2, 68ie-8, D., D., 








6677, 

22 

9 8 


8 


W 

10 

49241, 6016-0, 6018-6, bi, b„ b„ b., 6276-2, 6316-8, 








Dx, Da. 6677, 7066. 

29 

8 62 , 

2 

23 


W 

16 

4924-1, 6016, 6018-6, bx, b^, bo, b., 6276-2, 6316-8, 6363-0, 








Dx,P„7a66. 

31 

12 0 

4 


27’5 

w 

. 2 o; 

4924-1, 6016, 6018-6, bi, b*, b», b*, 6276-2, 6316-8, 








Di, D^. 


The distribution in latitude of the metallic prominences was as follcivs 



1“— 10° 

11°— 30° 



Mean latitude. 

Extreme latitudes. 

North ... 

1 

4 ■ 

7 

■ 2 ' : 

23° 2 

8° and 33° 

South ... 

1 

3 

1 


13°-7 

7°and27°-5 


Nine were on the east limb and 10 on the west limb. - 
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Diaplmements of the hydrogen line. 

Particulars of the displacements observed in the chromosphere and prominences are given in the follow- 


Tablb III— Displacements op the hydkogen line. 


Date. 

Hour 

Latitude. 

Limb, 

Displacement, 

Eemarks. 

I.S. X. 

North. 

, South, 

Bed. 

Violet, 

Both ways. 




1926. 

n. M. 

0 



A, 

A. 

A. 


July 6 

8 47 

77‘5 


E 

Slight 




11 

16 

8 39 

11 45 

.39 

21 

W 

W 

0*5 

Slight 


At top. 

14 

9 50 


55 

W 

1 


At top. 

16 

8 44 


73-6 

w 

0*5 



16 

8 65 

47 


w 


Slight 



17 

8 52 


84 

E 


1 


At top. 

20 

26 

27 

8 40 

a 62 


6 

12 

W 

E 

Slight 

Slight 



8 69 


24 

W 

Slight 



27 

8 55 

70 ■ 


w 


Do. 



28 

9 58 


14 

E 

2 

1 


To red at lower arm of bend and to 

28 

9 65 


17*5 

E 


1 


violet at top of bend. 

At top. 

At base. 

28 

9 20 

20 

77 

E 

1 



29 

9 46 


W 

0*5 



At top. 

60 

9 13 

55 


W 

Slight 



August 6 

11 37 


19 

W 



1 


8 

9 0 


17 

w 

1 

' 


At top. 

15 

9 2 


24 

w 

1*5 



Do. 

15 

8 58 


20 

w 


1 


Do. 

18 

11 66 

4 


E 


1 


Do. 

20 

9 29 


35*5 

E 

0*5 

‘ 


At base. 

20 

9 12 

48-5 

20 ' 

W 

Slight 



At top. 

22 

9 1 


w 

1 



Do. 

22 

8 52 

76 


w 

0*5 



Do. 

26 

8 21 


67 

w 

1*6 



Do. 

24 

9 62 

29 


E 

0*5 



Do. 

26 

10 26 


62*5 

w 

1 



28 

28 

9 6 

5i)%5 


E 

1*5 


Slight 

Atitop. 

8 59 

69 ’5 


E 


In chromosphere. 

28 

9 29 

30*5 


W 

Slight 



At top. 

28 

9 64 

78 , 


w 

1 



Do. 

31 

9 11 


16 

E 


1 


Do. 

September 1 

8 41 

64 

65 

W 

1 



Do, 

6 

9 18 


E 

6 



Do. 

6 

9 10 


24 ■ 

''* W 


Slight ' 


Do. 

6 

9 6 


6 

w 

1 


Do. 

6 

9 2 


66*5 

w 


0*5 


Do. 

4 

8 49 


15 

w 

1 



Do. 

4 

8 49 


16 

■ w 


‘ 1 


At base. 

5 

9 24 


20 

w 

1 



At top. 

6 

10 28 

66 

57*5 

w 

Slight . 



Do. 

6 

10 15 


w 

Do. 



Do. 

7 

9 4 

15 


w 

1 



Do. 

7 

9 15 

79-5 


w 

Slight 



Do. 

16 

9 46 

25 


E 

1 


Do. 

17 

9 17 


41 

■ E . 

1 



At base. 

17 

9 10 

27 . 


W 

Slight 



At top. 

24 

9 24 


IS 

E 

; 0*5 



At base. 

24 

9 6 

44*5 


W 


1 


Do. 

24 

9 5 

71*5 


W 


Slight 



25 

9 27 

Equat 

or. 

w 

0*5 


At top . 

'25 1 

9 6 

26*5 


w 


Slight 


At base. 

25 

8 59 

58*6 


w 


Slight 

At top. 

27 

10 26 

26 


E 

0*5 


Do, 

27 

10 15 

15 . 


w 

1 



Do. 

27 

9 62 

19 


w 

2 



At base, 
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Date. 

Hour 

LS.T. 

Latitude. 

Limb. 

Displacement. 

Bemarks. 

North. 

South, 

Bed. 

Violet. 

i_ 

Both ways. 

1926. 

H. M. 

o 

e . 


A, 

A. 

A. 


September 27 

9 30 

26 


W 

1 , 



At top. 

29 

9 6 

9 

■ 

W 

0*5 



Do. 

October 2 

9 33 


23 

W 

Slight 



Do. 

3 

8 64 

15*6 


E 

1 



At base. 

3 

8 66 


8 

E 

0’6 



Do. 

3 

8 46 


24 

W 


Slight 



4 

8 40 

18*6 


E 

1 

1 


To violet at top 5 to red at base. 









Da, Da, alSo were displaced. 

4 

9 2 


68 

E 

1*5 



At top. 

4 

9 12 


73*5 

E 


0*5 


Do. 

4 

8 27 

61 


W 


0*6 


At base. 

6 

9 16 

73 


E 

I 



At top. 

6 

9 27 

17 


E 

2 

■ 1 


To red at base to violet at top. Seen 









in Da also. 

6 

9 48 


2*5 

E 


3 


At top. 

5 

10 7 


65! 

E 

1 



At top. 

6 

8 64 


(56: 

E 


0*6 


Do. 

6 

10 6 


67 

E 


1*6 


Do. 

6 

8 47 

20 


E 

06 




6 

8 60 

16 


E 


1 

' ' 

At top. 

6 

9 4 

16 

1 

E 

1 


; 1 


9 

9 22 

27 


E 


0*6 



9 

8 56 

2.3 

! 

E 


1 

1 

At top. 

9 

9 21 

23 


E 

0*5 



At base. 

9 

. 8 60 


10 ; 

W 

' 0*6 



At top. 

11 

8 18 

26 


E 

0*6 



Do. 

13 

9 11 

25 

i 

■w 


0*6 

i 


14 

8 60 

84 


E 


Slight 



14 

8 52 

68'6 


W 

1 



At top. 

- 16 

8 10 

11 


W 

1 



Do: 

16 

8 64 

41*6 

■ 1 

w 

1 



Do. 

19 

9 4 

18 

1 

w 

,0*6 , , 



Do. 

19 

9 19 

32 


w 


1 


At base. 

19 

8 51 

43 

! 

w 


3 


Do. 

21 

9 10 

39*5 

1 

E 

1 



At top. 

21 

9 0 

17*5 

i' ‘ 

w 

0*5 

1*6 


To red at top ; to violet at base. 

21 

8 57 

26 


w 

: 0*6 



At top. 

21 

8 57 

30 

i 

w 


0*5 


At base. 

21 

8 62 

62*5 

‘ j 

w 

, 

Slight 


Do. 

22 

9 7 


13 j 

E 

1 


' 

Do. 

22 

9 U 


34! 

E 

0*6 



Do. 

22 

8 60 

27-5 


W 

1 



At top. 

22 

8 44 

82*5 

; 

w 

0*6 


. 

Do. 

23 

8 45 


12; 

E 

1*5 


rw 

At base. 

23 

8 46 


■•14 

E 

i 

4*5 


At top. , 

23 

8 60 


14 

E 

1 



At base. 

23 

8 24 

21 

' j 

W 


Of) 


Do. 

28 

8 17 

60*6 


w 


0*5 


Do. 

23 

8 16 

69-5 


w 

Slight 



i . ■ ' ■ 

24 

9 0 

19 

1 

E 


^ 0* 5 

1 ! 

At top. 

24 

9 0 

18 


E 

1 



At base. 

24 

8 54 

33 


W 

0*5 



At top. 

27 

9 20 


16 : 

E 


, 0*6 


Do. 

30 

8 68 

24 

1 

E 

1 



At base, 

■November 3 

9 12 

49 


E 

Slight 



Do. ' 

4 

.10 8 

32 


E : 

1 

' ' .. . 


Do. 

8 

16 20 


181 

E 

‘ 1 : 



At top. . 

9 

9 24 


26 

E 

;o*6 



Do. 

9 

8 51 

13 

, • t ■ 

W 


0*6 


At base. 

10 

9 27 

27 


E 

1 



Do. 1 

10 

9 22 


■29'* 

E 


1*6 


At top. ! 

10 

9 22 


31 

E 

.•i 1' ' \ 



At base. 

10 

9 16 

21 . 

,'1 

W 


' 1 : ■ 


Dq. . 

12 

8 55 


5 

W 

Slight 
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Latitude. 



Displacement. 


Date. 

Hour 



Limb. 



Hemarks. 

I.S.T. 









North. 

, South, 


Heel. 

Violet. 

Both ways. 


1926, 

H. 

M. 


o 


A. 

A. 

A, 


Kovember 13 

9 

27 

13 


W 

1 



At top. 

Do, 

' 14 

8 

36 

24 


W 

Slight 



15 

9 

48 

23 


E 

1 


Do. 

15 

9 

15 


16 

E 

1 



At base. 

15 

8 

40 

10 


W 

2-5 



At top. 

15 

8 

40 

15 


W 


1 


At-base. 

15 

15 

8 

9 

40 

40 

19 

19 


w 

w 

5 

6 

2 


To; red at top j to violet at base. 

At top. ' 

15 

8 

40 

23 


w 

3 



Do. 

15 

16 

11 

8 

20 

55 

25 

19 


w 

w 

3 

1 

2 


To red at top ; to violet at base. 

At 1 top. 

16 

17 

8 

9 

48 

15 

28 

60*5 

w 

E 

0*5 

0*5 

1 


To red at top ; to violet at base. 

17 

9 

2 

15 


W 

1 



At top. i 

17 

8 

48 

30 


W 

1 



Do. 

17 

8 

47 

37 


W 


Slight 


At ‘base. 

19 

8 

20 

30 


W 


0*5 


Do. 

25 

26 

10 

10 

22 

8 

6 

47 

E 

W 

2 

3 


Over whole prominence, 

At, top. 

28 

9 

15 

14 


E 

1 



Do i 

28 

9 

15 

1 


E 


2 


Do. 

28 

* 8 

58 

65 


W 

Slight 



Do. 

29 

9 

2 

30 


E 

1 



At base. . 

29 

10 

1 

12 


E 

1-5 



Do, , 

29 

9 

25 

43 

12 

W 

1 



At top. 

30 

9 

9 


E 

1 



Do. 

so 

9 

12 

32 


E 



1*5 

30 

9 

14 

12 


E. 


1 



30 

9 

3 


19 

W 

0’5 



At base, ■ 

30 

8 

58 

16 


W 

0*5 



At top. ■ 

December 1 

9 

21 

42 


E 

Slight 



At base. 

1 

9 

15 

7*6 


W 

0*5 


Do. 

1 

9 

B 

53 


w 

Slight 



At top. 

2 

11 

3 

89‘0 


E 

Slight 


2 

3 

8 

11 

10 

34 

46 


26 

32 

E 

E 

1 

2 

0*5 

j 

To red at base j to violet at top. 

At top. 

10 

45 


35 

E 

1 



Do. 

3 

9 

30 

5 


W 

0*5 




3 

10 

52 

24 . 


W 

0*5 



At top. 

4 

9 

3 

14-5 


1 E 

1*5 



At base. 

4 

9 

35 

79 


W 

0*5 



Do, 

5 

9 

10 


11 

W 

4 

1 


At top, 

6 

8 

35 

62 


E 

Slight 



6 

8 

36 

8* 


E 

0*5 




6 

8 

25 


22 

W 


1 


At base. 

6 

8 

25 


16 

w 

2 



At top. 

6 

8 

21 

31 

■ ■■ 

w 

0*6 



Do. 

7 

8 

47 

14 


E 

0*5 




7 

8 

49 


IB. 

, E ^ 


1 



7 

8 

49 


20 

E 

1*5 



At base, 

7 

8 

50 


25 

E 

Slight ^ 



Do. 

7 

8 

34 


39 

W 

Slight 



7 

8 

30 


33 

W 

0*5 



7 

8 

20 

60 


W 

0*5 




9 

14 

36 


7 

E 


1 



10 

9 

30 


22 

W 

0*5 



At base. 

11 

10 

25 

36 


W 


Slight 


Do. 

12 

9 

16 


25 

E 

1 


Do. 

12 

9 

16 


■30. 

E 


2 


At top. 

12 

9 

0 


43 

W 


Blight 


12 

8 

65 


20, 

W 


1 


At top, 

12 

8 

47 

9 


W 

1 



1)0 

13 

8 

35 

71 


E 


0*5 


At base, 

13 

8 

44 


.28 

E 



1 

13 

8 

42 

40 


W 


1 


At top. 

13 

8 

38 

57 


W 

Slight 



Do. 
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Date. 

. Hour 
. I.S.T. 

Latitude. 

Limb. 

Displacement. 

Bemarks. 

North. 

South, 

Eed. 

Violet. 

Both ways. 

1926. 

H. M. 

0 

a 


A. . . 

1 

A. 


December 1 4 

9 2 

16 


W 

1 

1 


At top. 

17 

9 8 i 

50 . 


E 

1 



' 

17. 

9 22 

.8.8 


.E 

1 



At top. 

17 

9 22 

30 


E 

1 



At base. 

18 

10 7 

26 


E 

1 

i 1*5 


To red at base ; to violet at top. 

19 

9 2.) 

17 


E 

,i 0*5 



At base. 

19 

9 24 


14 

W 

1 



At top. 

20 

9 5 


8 

E' 

1 L5 . 



Do. 

20 

9 5 


14 

E 

1 



Do. 

•• 20- ■ 

8' 40 

67 


W 

Slight 



Do. 

21 , 

8 58 

74 


E 

. 0'5 



Do. 

‘ 21 

9 4 

80 


W 


0-5 


At base. 

• 22 

9 10 


19 

E 

(• 2 



At. top. 

22 

9 24 


16 

W 

1 



Do. 

- 22 

9 8 

8 


W' 

1-6 

1 ’ 


To red at top ; to violet at base. 

, . 23 . 

10 9 

68 


: E 

■ i 

Slight 



’ 23‘ 

10 15 

■ ■ 

20 

W 



1 


24 

9 14 


2'5 

W 

0*6 

i . ■■ 


• 1 . 

24 

9 10 

63 


w 

1 



At top. 

25 

9 30 

16 


E 


06 


At base. 

26 

9 23 

12-6 


W 


6 

, 

Do. 

26 

9 20 

25 


E 

1 



1)0. 

. 26 

8 67 


7 

■ E 

. 1 0*6 



Do. , 

26 

9 8 


48 

W 


.1 



26 

9 4 


11 

W 

0^6 



At top. , 

.. 2.6. 

. 9-0, 

18.. , 


• w ■ 

■ 1,, 



Po. 

27 

■ 10 40 

11 


E 

i 0-6 



! At base. 

28 

9 4 

10 


E 

1 


, , 

Do. . 

28 

9 25.. 

W 


E 


, 1 


At top. 

29 

9 10 


23 

E 


Slight 



29 

8 64 

17 


■ W 


1 


At top. 

29 

8 62 

23 


W 

2 

3 


To red at base ; to violet at top 

29 

8 44 

78'5 


. E 

Slight 



At top. 

31 

12 0 


24 

W 

: 1 



Do. 


The total irainber of displacements ■was 230 as against 420 in the pre'viotis half-year, and they were 
distributed as follows ' 

Latitude. North, South. 

V.' - ..* ... = ... ... -87 : oa 

31°— (50° ... ... 30 15 

.. .. Gl°— 90° ... ■ ... ... ... ... 25: 11 


Total ... 142 88 


East limb 
West limb 


103 

127 


Total 


230 


Oho' hundred and forty-three dispiacemehts -were towards the red, 81 towards the violet and 6 both 
Avays simultaneously. ' 
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Beversals and dinplacementB on the S}in\H disc. 

Three hundred and seven bright reversals of Ha line, 192 dark reversals of D 3 line and 102 displacements 
<)1 Ha line were obseiwed during the half-year. Their distribution is given beloAV ; — 



North. 

South. 

East. 

West. 

Bright reversals of Ha 

159 

148 

153 

154 

Dark reversals of Ds 

97 

95 

102 

90 

Displacements of Ha 

63 

39 

49 

53 


Seventy-six displacements were towards the red, 23 towards the violet and 3 both ways simultaneously. 

The Eruptive Prominence of 10th Deceinher 1926. 

A noteworthy eruptive prominence was photographed on 10th December 1926 and appeared in the first 
photograph taken at 8 ^^ O^V I.S.T. as a tall thin column, 54' high, standing on a cone-shaped base extending 
from “• 67° W to 77° W. Its height increased and at 9^' IIT^ the upper portion became detached and continued 
to ascend. This “ flying column ” had a length of and although the top extended beyond the limits of the 
photograph in later cases, the bottom ultimately reached a height of IT above the chromosphere. The 
velocity of ascent did not exceed 54 kilometers per second. The propelling force appeared to have its origin 
;at the more northerly end of the base of the prominence. 

Prominences projected 071 the disc as absorption markmgs. 

Photographs of the Bun’s disc in Ha light were available from Kodaikanal and the co-operating 
•observatoxnes for a total of 180 days, which were counted as 173 effective days. The mean daily areas of 
Ha absorption markings (corrected for foreshortening) in millionths of the Sun’s visible hemisphere and 
the mean daily numbers are given below : — 



Mean 

Mean 


daily 

daily 


areas. 

numbers. 

North 

2,094 

17-3 

South 

1,724 

15'5 


/ 

i 

Total ... 3,748 ' 

32-8 


There is a decrease of 33 per cent in areas and of 6 per cent in numbers, compared with the previous 
half-year. 

For comparison with bulletins issued pinor to the co-operation of other observatories, the means based on 
Kodaikanal photographs alone are also given, 153 days of observation being counted as 149 effective days. 



Mean 

Mean 


daily 

daily 


areas. 

numbers. 

North (Kodaikanal photographs only) 

2,051 

17‘4 

South do. 

... 1,707 

15‘3 


Total ... 3,758 

32'7 


The distribution of the mean daily areas in latitude is shown in the following diagram. The main 
feature of the latitude distribution of Ha dark markings is a maximum. near 25°, the activity in both polar and 
^guatorial regions being i^elatively small compared with promihehce activity. 


tKe Sun A "^kAiUe, 3CcmiAp 



Tho activity was in excess in the westeni hemisphere, the percentage east being 48'0.') for numbers and 


40UiO for areas. 

Thanks are due to the co-operating observatories for the photographs supplied by them. 



The OBSsavATOBY, Kod aikan al, 
2Srd August 1921. 


T.ROYDS, 

Director, Kodaikanal and Madras Ohsei'vatorws. 



^atfaiitanal ©ii^ciijatofg. 

BULLETIN No. LXXXIL 


A BKILLIANT DAYLIGHT COMET OBSEEVED AT KODxilKANAL. 
By P. K. Ghidambaba Ayyae, b.a., f.r.a.s. 


A brilliant comet visible by daylight was seen at Kodaikanal on the 15th December 1927 and it now 
appears likely that it is 'De Vico’s long-period comet ISlii IV, first observed by Mr. J. F. Skjellerup at 
Melbourne on December .‘5, 1927, at 17h. 30m. U.T. in B.A. Ifih. 12m. 12s:, 11 Decln. 53'’ 57' (vide Nature, 10th 
December 1927, page 854, Astr. Column). At the time of preparation of this bulletin, it was not known that, 
any previous observation of the comet had been made. 

The Director having left for Madras on the '14th December 1927, 1 was taking spectroheliograms of the 
sun on the morniirg of 15th December, when, at about 8-30 a.m., I.S.T., the peon Poomban, whose duty it was 
to wind the clock of the siderostat mirror and report the advance of clouds, informed me that there was 
something bright quite near the sun. As there were small patches of fleecy clouds near the sun, I at first, 
thought that this was also one such, but immediately it became quite evident to me that it was a very bright 
comet. There was the bright head and there was the tail directed away from the sun. The head was clearly 
brighter than Venus seen some distance ahead in the west. The other Assistants were at once informed by 
telephone of the apparition and they and all the other members of the staff saw it. At 8-35 a.m. I made a 
drawing of the object as it was visible to the naked eye at that time. The head of the comet was about 
three apparent solar diameters away from the centre of the sun to the east and a little to the south. The 
tail was not long but at the broadest part was nearly equal to a quarter of the sun s visible disc. Plate I, 
figure 1 , represents its appearance at 8-35 a.m. 

At. about 9 a.m. an express telegi’am was despatched to the Madras Observatory with the request to 
verify the apparition. This message, it was afterwards learnt, was never delivered to the addressee, as a result 
of which a series of valuable observations of the comet have been missed. 

As the object was very close to the sun it was not possible to see it in any of the telescopes, the sun s 
glare^ flooding the instruments. There were already some changes taking place in the appearance of the comet. 
At 12-10 p.m., therefore, I made another drawing of it as seen by the naked eye. This is Plate I, figure 2. It will 
be seen that the tail at the upper portion was much longer than in the morning, although the noonday sun 
was shining very close to the comet. At about 2 p.m. a cablegram was despatched to the Astronomer Royal, 
Greenwich Observatory, informing him of the appearance of the comet near the sun and giving its approxi- 
mate position. By 2-30 p.m. clouds began to gather, which made further observations impossible on that 

Plate I, figure 3, represents the appearance of the comet to the unaided eye on the morning of December- 
IG 1927, at 7-35 a.m. It had by then receded to a distance of nearly 4^ diameters from the sun’s centre, had, 
VASsecl to the north and had become less bright than on the previous day. In the three-inch telescope, at 10 a.m.,, 
it had the appearance represented in Plate I, figure 5 and an hour later, in the finder of the photohehograph also 
a three-inch telescope-that represented in Plate I, figure 6. The clear-cut nucleus was dazzling gold and there 
were two arms of almost the same colour but less bright emanating from it on either side, one more curved than. 
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the other, and the whole thing was wrapped up in a nebulous head and a biiiurcated tail which were the 
colour of bright polished copper. There was only one difference between the appearances an hoirv apart, 
namely, that at 11 a.m. one section of the tail had become longer. At 3-0 p.m. when looked at in the three-inch 
telescope, the appearance was as shown in Plate I, figure 7. The tiiil had become enormous, symmetry had 
already begun to he established between the two sections and there were signs of the tail losing its bifurcation 
and becoming one combined stream. 

On the morning of the 17th December the naked-eye appearance was as shown in Plate I, figure 4. When 
■examined in the finder of the photolieliogi'aph, it was found that the changes which were noticed to be hiking 
place the previous afternoon had become complete. There were only the bright clearly defined nucleus and 
an undivided tail, the longitudinal gap in the middle of the latter having completely filled up. I mounted on 
the photoheliograpli a Wellington and Ward 10'*' x 10" Lanterh Plate and started the exposure at 11-20 a.m. 
keeping the comet in position by looldng through the finder and ceaselessly guiding it by the slow-motion 
-aiTangements. There was an interruption, by clouds from .11-25 to 11-30. I continued the exposure till 
12-25 p.m., so that allowing for the interruption by clouds the plate was exposed for exactly one hour. On 
development the plate was found to be deeply fogged by the diffused daylight, but therewas^a very faint 
reversed (i.e,, positive) image of the comet on it. The image has been intensified by being transferred a 
number of times from plate to plate, but unfortunately it is found to be duplicated on account of error in 
guiding during the long exposure. 

On the 18th the comet was not visible to the naked eye and had to be picked up in the telescope. There 
was no change in appearance worth mentioning,, except that it had become smaller and fainter. 

On the IGth, 17th and 18th its positions were noted once a day and they are given below : — 



• Date 

Tima I.S.T. 

Right Anoensiou. 

Declination. 



1 027. : ■ ‘ 

h . m, 

h. m. 




IGth Dooembar 

T2 . 0 

17 37 

20° 7^ S 



17th „ 

10 10 

17 43 

17“ 20' S 



18th „ 

11 U 

.17 46 

14" 43' S 



The sky was cloudy on the lS)tli and no further observations were attempted. 


Kodaikanal, P. R. CHIDAMBARA AYYAR, 

7if/i 11128, Solar Physics 

DIRECTOR'S NOTE. 

The first intimation received by me was Mr. P. R. Oliidambara Ayyar’s letter, received in Madras on the 
morning of the 18th, December. I looked for the comet in the neighbourhood of the sun hut failed to see it 
witlithe naked eye. The sky was hazy round the sun. The same evening the sunset was observed but' 
no comet was seen either before or after sunset. At sunrise next morning the eastern sky was cloudy near the 
horizon and no coinet was seen. In view of the uncertainty of its position it did not seeih . worth while 
attempting telescopic observations, so no confirmation, of Mr, Chidambara Ayyar s observation was obtained in 
Madi^. It is a pity that Mr. Chidamboi'a Ayyai^’a first telegram was not received in Madras. 

Kodaikanal, T. ROYDS, 

Wl Januai^ 1928 . Director, Kodailmnal and Madras Ohsen^atories, 


pRiofi, 5 a 7 ma » madras ; printed bv'thbj Superintendent, government press— 1928 , 
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^otiailtanal ©ibSerbatorg* 

BULLETIN No. LXXXIII. 


SUMMAEY OF PEOMINENCE OBSEEYATIONS FOE THE FIEST HALF 

OF THE TBAE 1927. 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the 
International Astronomical Union, all observatories taking spectroheliograms of the sun have been asked to 
co-operate with the Kodaikanal Observatory by supplying copies of their photographs on those days when the 
Kodaibanal records are imperfect or wanting. In response to our requirements for the first half of the year 
1927, the Mount Wilson Observatory supplied prominence plates for 21 days and Ha disc plates for 18 days ; 
Meudon Observatory supplied Es disc plates for 18 days and Ha disc plates for 12 days ; and the Pitch 
TUn Observatory (Mr. Evershed’s) at Bwhurst, Surrey, England, supplied 1 prominence plate and 1 Ha 
disc plate. 

When only incomplete or imperfect photographs for any day are available from more than one obser- 
vatory, the best photograph is chosen as representing the solar activity of that day after weighting it according 
to its quality, and the remaining photographs are ignored. 

The mean daily areas and numbers of prominences during the half-year are given below. The means 
are corrected for incomplete or imperfect observations, the total of 178 days for which plates were available 
being reduced to 164^ effective days. 


North 

South ... 



Mean daily areas 
(square minutes). 

4-04 

3-46 

Mean daily 
numbers. 

10-01 

9-34 


Total < 

7-50 

19-35 


Compared with the previous half-year, areas remain the same in the northern hemisphere, although 
numbers are 5 per cent larger, but in the southern hemisphere both areas and numbers show an increase, 
namely, 15 per cent and 12 per cent, respectively. 

Eor comparison with bulletins issued prior to the co-operation of other observatories, the means based 
on Kodaikanal photographs alone are also given, 158 days of observation being counted as 148| effective days. 

Mean daily areas Mean daily 

(square minutes). numbers. 


North (Kodaikanal photographs only) ••• 
South do. 


Total 


4T5 

!3'58 


7-73 


10-01 

9-36 


19-37 


147 


148 


The dista^ibution of the prominences in latitude is represented in the following diagram, in which the full 
line gives the mean daily areas and the broken line the mean daily numbers for each zone of .5® of latitude. 
The ordinates represent tenths of a square minute of ai’C for the full line and numbers for the broken line. 
The high latitude maximum, has remained statio nary in the northern- hemisphere and advanced about f)" 
towards the pole in the southern when compared with the previous half-year. The minimum of activity 
near 65° has become more marked than in the previous half-year. 



The monthly, quarterly atid half-yealcly area’s and numbers, and the mean height and iheah extent of th« 
prominences on photographs from all the co-operating observatories are given in Table I. The unit of area in 
1 square minute of arc. The mean height is derived by adding together the greatest heights reached by 
individual prominences and dividing, by the tot^ number of prominences observed ; the mean extent is 
derived by adding together the lengths of the base on the chromosphere of individual prominences and 
dividing by the total number of prominenoeSi 
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Table 1.— Abstract for the first half op 1927. 


Montlis. 

Number 
of days 
(effective). 

Areas. 

Numbers. 

Daily Means. 

Mean 

height. 

Mean 

extent. 

Ai’eas. 

Numbers. 

1927. 






ft 

o 

January 

m 

232-5 

557 , 

8-1 

19-4 

41-7. 

6*11 

February 

26| 

186-9 

483 

7-0 

18-1 

41-3 

6-61 

March 

27i 

220-2 

497 

8-0 

18*1 

42-2 

6-51 

April 

29 

213-3 

564 

7-4 

19'4 

35-0 

6*12 

May 

28f 

210-6 

561 

7-5 

19-9 

40*4 

6-02 

June 

24i 

169-1 

527 

7-0 

21-7 

37-1 

5-31 

First quarter 

■S.S 

639-G 

1537 

7-7 

18-5 

41-7 

6 40 

Second quarter 

81i 

593-0 

1652 

7-3 ' 

20-3 

37-5 

5*83 

First half-year 

164^ 

1232*6 

3189 ' 

7-5 

19*4 

39-5 

6-10 


' ' Distribution east and west, of the Burl’s axis.. ‘ 

During tlie half-year areas showed a slight western excess and numbers a slight eastern excess as will 
he seen from the following table : — 


1927 January to June. 

East. . 

West, 

Percentage East. 

Total number obsei-ved ... : 

1605 

, 1584 : 

50*3 

Total areas in squai-e minutes 

601-0 

j 631*7 

48*8 


1-A 
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Metallic prominences. ’ > 

Sixty-three metallic prominences were observed during tha half-year, as against 19 in the previous 
half-year. Their details are given helow : — 

Table II. — List (di' Mbtallio pbominbnobs obshevbd at Kodaikanal, Janbaky to Jtjhe 1927. 


Date, 

Hour ^ 
I.S.T. 

Base.: 

Latitude. 

North. South, 

Limb. 

Height, 

, 

1927. 

H. M.’ 

0 

»■ . 

0 


n 

J anuary 1 

. 8 65 

! 

23 


W 

16 

2 

9 2 

j 


14 

B 

10 

2 

9 6 

4 


28 

W 

30 

4 

.10 5 

3 


15*6 

, E 

16 


9 21 

6 i 


10 

W 

20 

lb 

9 22 

■2 . 

6 


■ w 

26 

15 

12 26 

5 

• 

,17*5 

w 

10 

17 

9 2^ 

4 


16 

w 

20 

18 

8 68 

: 3 

8'6 


w 

15 

21 

10 36 


17 


w 

30 


9 18 

6 , 


.20; , 

. ^ 

16 

2G 

11 32 

3 ' 

20*5 . 


‘ . W 

10 

29 

9 6^ 

• 1 


17-6 

B 

10; 

February 1 

9 2 ■ 

4 

26 


E 

16 

2 

9 2 

3 : 

13*6 


B 

16 

3 

10 35 



13 

B 

10 

4 

10 16 

.'■■■ i 


14 , 

W 

20 

.6 

8 54 


33 


B 

10 

8 

9 39 

6 


27 , 

B 1 

20 , 

16 

9 6 

.3 

8 * 6 . 


W 

10 

16: 

8 42 

■■ i''" 

16 


’ W 

20 

16 ■ 

8 65 

3 


. 

-13-6 

w 

15 

20 

8 39 

3 

2,8*5 


B 

16 

22 

9 6 ' 


31*5 


B 

10 

23 

8 40 

3 

16*5^ 


E 

20 

23 

8 50 

1 ' 

■ 1 

27 


W 

20 

27 

9 15 

i': 


4 

E 

id 

27 

9 28 

3 


21*6 

E. : 

30 

28 

■9 20 

' 2 

20 


E ■ ■ 

10 

March 5 

9 12 

.7 


26*5 

W 

20 

6 

9 8 

2 


25 

w 

, 10 

9 

8 ,26 

•,2 


20 

W 

15 

12^' 

9 48 

■.'"■ 2 . 

23 


B 

10 

13 

9 8 

.4- 

32 


E 

;:'vlQ;V 


bi, b,, ba, b., 631fr8,D„3Jj, 6677. 

4924-1, 5018'6. bi, ba, bs, bjt. 6.816-8, 667?; 7066. 

4924-1, 6016, 6018-6, bi, b., b., bj, 6276-2, 5316'8, Di, 

pi. : 

bj, bgi, b^ibj^, 6316'8, !Dji. 

4924-1, 6016, 6018-6, bi,b4,b8. b*, 6276-2, 6316-8, Da, 
D^j 6677. ' 

4924-1, BOW, 6018-6, bj, ba, b„ b^, 3276-2, 531Q-8, 
6363-0, Da, D). 

4924-1, 5018i6, b., b., b„ b.. 5316-8, Dj, D*. 6677. 
4924-1, 6016'8, bi, ba, b,, bi, 5276-2. 5316-8, Da, D., 
6677. 

ba, ba, be, b4,Di , Dj, 6677. i ' 

4924'!, b], ba, ba.bi. Da, Da. .1 

4924-1, M16-0, 5C18-6, bj,ba,.ba, b*, 6276-2, 6316-8, 
6363-0, Da, Da. 

bi, ba, ba. Da, Di. 

Da, Da, 6677, 7066. 

6018-6, ba, ba, ba, b*, 6316-8, Da, D„ 6677, 7066. 
4924-1, 5016-0, 6018-6, ba, b„ be, b*. 6276-2, 6316-8, 
Da, Da, 6677, 7 O 66 . 

4924-1,6016.0, 5018-6, ba, ba, be, be, 6276-2, 6816-8, 
5363-0,D,,D„ 6677, 7066. 

4924-1, 6016-0, 5018-6, ba, bg, bs, b*, 6276-2, 6316-8, 
Da, Da, 7066. 

4924-1, 6016-0, 6 OI 8 - 6 , ba, b„ b„ bg, 5270-0, 6276-2, 
6816 - 8 , Da, Da* 

4924-1, 6016-0, 6018-6, ba, b*, b,, b*, 6276-2, 6316-8, 
6363-0, Da, Da, 6677, 7066, 

4924-1, 5016-0, 6018 6, b„ b„ be, b*, 5276-2, 6316-8, 
6363-0, Da. Dg, 6677, 7b66; 

4924-1, 6016-0, W18-6, ba, b,, be, bg, 6276-2, 5310-8,, 
,5363-0, D,,Da, 

4924-1, 6016-0i 6018-6, ba, be, bs, bg, 5276-2, 6316-8, 
Da, 5363 0. Dg. 

4924-1, 6016-0,_6018-6, ba, bg, b,, bg, 6276-2, 6316-8, 

-6363-0, Da, Dg, 

4924-1, 6018-6, ba. bg, bg, bg, 6316-8, Da, Dg. 

4924-1, 6016 0, 6018-6, ba, bg, ba, bg, 6276-2, 6316-8, 
•'6363-0, Da, Dg. ■ 

4924-1, 5018-6, ba, bg, bg, bg, 6276-2, 6316-8, Da, Dg, 
6677, 7066. . 

. 4924-1, 6016-0, 6018-6, ba, be, b,, bg, 5276-2, 6316-8, Pa, 
Dg, 7066, 

4924-1, 5016-0, 6018-6, ba, bg, bg, bg, 6276-2, 6316-8, 6363*0, 

4924% 6018-6, bi, bg, b,, bg,, 5316-8, Da, Dg. 

4924-1,6016-0.6018-6, ba, bg, bg, bg, 6276-2, 5316-8, D„ 
Dg, 6677, 7066. 

4924-1, 6016-0,, 6018-6, ba, bg, b„ b*, 6316-8, Da, Dg, 
6^77, 

4924‘L , 5016*0 6018-6. bg, ts, b*, 5276*2, bSlO’S, 

■ 536u'0, ' 10 66*7<, 7u66» ■ • , . 

ba, bg^ bs, bg. Da, pg. 

4924-1, 6016-0, 5018-6, ba, bg, b,. bg, 6276-2, 6316-8, 

; 6363-0;Da, Dg, 8677, 7066.^;, ; 
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Date. 


1027. 


Marcli 


April 


May 



Hour 

I.S.T. 

Base. 

Latit 

North. 

iude. 

Sontli. 

Limb, 

Height. 


H. 

M. 

o 

Q 

o 


// 

14 

9 

14 

11 

35'5 


E 

20 

15 

9 

53 

3 


10*5 

W 

10 

19 

10 

20 

1 

155 


W 

5 

24 

9 

23 

2 

42*5 


W 

20 

27 

9 

5 

3 

16 6 


W 

20 

27 

9 

0 

4 

28 


W 

10 

28 

8 

46 

4 

15 


W 

15 

31 

9 

25 

1 

125 


E 

10 

5 

9 

30 

3 


11*5 

E 

10 

6 

9 

47 

9 


15*5 

E 

15 

6 

10 

57 

2 


22 

W 

20 

7 

10 

46 

5 

41*5 


E 

15 

8 

8 

55 

.5 

19*5 


E 

20 

8 

8 

31 

4 


16 

W 

10 

10 

9 

12 

3 

29*5 


E 

10 

11 

8 

45 

6 

37 


E 

10 

11 

8 

26 



12 

E 

10 

12 

8 

45 

2 

26 


’ E 

10 

12 

8 

33 

6 

3 


W 

10 

13 

10 

14 


> 

17 

E 

10 

13 

10 

50 

1 

13*6 


W 

15 

20 

10 

0 

1 


21*5 

^ E 

10 

24 

8 

45 

,10 


13 

W 

15 

' 7 

9 

33 

4 


4 

E 

20 

7 

9 

36 

2 


10 

E 

10 

8 

10 

0 

4. 


12 

E 

15 

14 

10 

5 

3 


13*5 

W 

10 

22 

9 

15 

3 


20*5 

E 

10 

25 

9 

55 



26 

W 

10 


Lines. 


4922 4,4924-1, 5016 0, 6018 6, bg, K b^, 6276*2,. 

5316 8, 6363-0, D 2 , 6677, 7065. 

bi, ba, ba, bi, 5316 8, Di, Da. 
bi, ha, ba, b4, Di, Da. 

4924-1, 6016 0, 5018-6 b^, ba, bs, b., 5316-8, D^, Da. 
4924-1, 5016-0 5018 6, b^, ba, ba, b^, 6276-2, 5316-8, 5.363-0,, 
Di, Da, 6677. 

4924-1, 5018-6, bj, ba, ba, bt, 6316-8, D^, Da, 6677, 7065., 
5018'6, bi, ba, ba, bi, 6.316-8, D^, D-a. 

4924-1, 5018-6, bj, ba, ba, b*, 5234-8, 5269-8, 5276-2,. 
6363-0, Di, Da, 6677, 7065. 


bi, ba, ba, bi, 5310-8, Di, Da, 6677, 7065. 

4922 0, 4924-1, b,, ba, ba, ba, 5198-0, 6206-3, 5208-7,. 

6234-8, 6276 2, 5316-8, 5363-0, Di Da, 6677, 7065. 
4924-1, 5018-6, b,, ba, ba, ba, 52.34-8, 6276-2, 5316 8,. 
5363 0, D^, Da, 6677, 7066. 

bj, ba, ba, ba, D„ Da. 

bi, ba; ba, ba, D,, Da, 6677. 

4924-1, 5018-6, bi, ba, ba, ba, 6316-8, Da, Da, 6677,. 
7065 

bi, l>a, ba, ba. 5316-8, D,, Da, 7066. 

ba, ba, ba, ba' 6316 8, Dj, Da, 6677, 7065. 

4924-1, 5016-0, 5018-G, bi, ba, ba, ba, 5316-8, Da, Da,, 
6677,7065.^ 

bj, ba, ba, ba, Di, -Da. 

49241, 5016-0, 6018-6, bi, ba, ba, b*, 5276-2, 5316-8,. 
5363-0, Da, Da, 6677, 7066. 

hi, ba, ba, ba, Dj, Da- 

4924-1, 5018-6, ba, ba, ba, ba, 5276-2, 5316-8, 5363-0, Da,. 
Da, 6677, 7065. 

ba, bL ba, ba, 5316 8, Da, Da, 7066. 

4924-1, 5016-0, 5018-6, bj, ba, ba, ba, 5270-0, 5276-2,. 
5316-8, 5363-0, Da, Da, 6677, 7065. 


4924-1, 5016-0, 6C186, bi, ba, ba, ba, 5270-0, 6276-2,. 

5316-8, 5368-0, Di, Da. - ^ 

5018-6, ba, ba, ba, ba, 5276-2, 5316-8, Da, Da. 

5018-6, ba, ba, ba, ba, 5316 8, Da, Da. 
bi, ba, ba, ba, 5.316-8, 6677. 

4924-1, 6018-6, ba, ba, ba, ba, 5316-8, Da, Da. 

6018-6, ba, ba, ba, ba, 5276 2, 5316-8, Da, Da, 6677, 7065- 


The distribution in latitude of the metallic prominences was as follows 


> 

1°— 10° 

11°— 20° 

21°— 30° 

31°— 40° 

0 

1 

O: 

O 

Mean latitude. 

Extreme latitudes. 

North . . . 

4 

11 

9 

5 

2 : 

22° 0, 

3° and 42°‘5 

South * ■ • 

4 

18 

10 

... 


16°7 

4° and 28° 


Thirty-two were on the east limb and 31 on the west limb. 
2 
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Displacements of the Jiydi'ogen lines, 

ParticTilars of the displacements observed in the chromosphere and prominences are given in the follow- 
ing table : — ' ' ■ 

Table IIL— Displacements op the hydrogen lines. i 


Date. 

Hour 

I.S.T. 

Latitude. 

Limb. 

Displacement. 

Remarks. 

North. 

South. 

Red. 

Violet. 

Both ways. 

1927. 

H. M. 

o 

Q- 


A, 


. A, 

’ 

Jannaxy 1 

8 61 

81-6 


E 


Slight 


At base. 

1 

9 3 


13 

' E 


PO 


At top. 

1 

8 65 

23 


W 

2 

PO 


To red at top ; to violet at base. 

2 

9 24 

13 


E 


PO 


At base. ' * ' 

2 

9 2 


11 

E 

1'6 


1 • 

At top. ! 

2 

9 2 


14 

E 


PO 


At base. 

2 

9 6 


20 

W 

PO 



At top. 1 

2 

9 14 

.4^1 


W 


IrO 

! 

At base. 

3 

10 28 

40 


W 


PO 



4 

9 33 

69 


E 


0'6 


At base. 

4 

9 59 

4 


E 


PO 


At top. 

4 

10 6 


15 

E 


P5 


Do. 

4 

10 6 


17 

E 

1‘0 



At base. 

4 

9 44 


12 

W 


Slight 


Do, , 1 ' 

8 

9 6 



E 

1*0 



At top. i 1 

8 

9 3 

30. , 


E 

Slight 



Do 

£ 

9 28 

11 


E 

0-6 



At base. 

8 

9 41 


45 

E 


O'B 


At top. 

8 

9 30 


42 

W 

Blight 



Do . 

8 

9 21 


8 

W 

1% 



Do, - 

8 

9 14 

23 


W 

15 



Do. 

8 

9 12 

42 


w 

PO 



Do. 

9 

9 1 

39 


E 

0*6 



Do. 

9 

9 2B 


13 

E 

1*0 



At base. 

10 

9 7 


40 

W 

0:6 



At top. 

10 

9 22 

8 


W 

I'O 



Do. 

,11 

9 23 

111 


E 

PO 



At base. 

11 

9 22 

63 


E 

Slight 1 



No prominence. 

11 

9 32 


.83*6 

E 

Do. 



At base. 

11 

9 12 


22 

W 

1-0 

06 


To red at top ; to violet at base. 

11 

9 2, 

16 


W 

Slight 



. ' . . ' i 

11 

8 66 

74*5 


w 

0’6 


, 

At top, 

13 

11 61 

34 


E 


2’0 


Do.^ 

13 

11 64 

28 


E 

P6 

2'6 



13 

10 40 

24 


W 

' 

PO 


At base. 

15 

12 26 


18 

W 

0^6 



At top. 

16 

B 43 


13 

. E 

20 

PO 


To red at base ; to violet at top. 

16 

8 16 


16 

W 

7-0 ' 



At top 1 in the middle of the promi- 









nence 0 -was displaced 1*5 A to red. 

16 

8 16 


13 

W 


1-0 


At base, 

17 

9 31 

68-6 


E 

BHght 



Do. 

17 

9 6 

64-6 


E . 

Do. 



At top, 

17 

9 4 

61-6 


E 

0'6 



At base. 

17 

9 34 

40 


B 

I'O 



At top. 

17 

9 0 

24 


E 

0-6 




17 

10 2 


18 

W 


2‘0 


At base. 

17 

9 26 


16 

w 

2'6 

PO 


To red at top ; . to violet at base. A 









ghost of C was displace!! 6*0 to rod 

17 

9 12 

43 


: W 

' ' 

Slight 


at top, ■ : 

No promineDoe. 

18 

8 46 

47 


E 

SHght 



At base. 

18 

9 3 

.14 


E 


Slight. 


At top. 

18 

9, 0 


17 

W 

PO 

0*6 


To red at top ; to violet at base. 

18 

8 68 

10 


W 

: 0'5 



At top. - r 

19 

8 55 

58-5 


E . 

Slight : 



At base. . 

19 

9 18 

21 


E 


P5 


At top. ' . 

19 

8 60 

18 


E 

‘P6 



Do. ... 

19 

9 6 


24 

i -w: 

PO 



•" Do,-'..- 1 

"19 

9 3 


17 

w 

1*6 



• '-Do, ■ ' 

. 20 ; 

10 46 

84 : 


l- 'E . 


Slight: 


'At base, 
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Latitude. 


Displacement. 


Date. 


Hour 



Limb. 


! 

Remarks. 


I.S.T. 




Violet. 





] 

ISTorth. 

South. 


Eed. 

Both ways. 


1927. 


11. 

M. 

o 

0 


A. , 

A. . 

A. 


January 

20 

10 

41 

18 


E 


0*5 


At top. 

23 

10 

36 

10 


E 


ro 


Do. 


24 

9 

13 


24 

W 

1-0 



Do. 


24 

9 

7 

IS 


W 

1-0 



Do. 


24 

8 

51 

63*5 


w 

05 



Do. 


24 

8 

50 

78*5 


w 

1^0 



Do. 


25 

8 

44 

42 


E 


0*5 


Do. 


25 

10 

32 

24 


E 


0*5 


Do. 


26 

8 

54 

7 


E 

0-5 



1)0. 


25 

9 

16 


37 

W 


2*0 


Do. 


25 

9 

18 


28 

w 

2-0 

, 4*0 


To red at base ; to violet at top. 


25 

8 

49 

20 


w 


0*5 


At base. 


25 

8 

47 

26 


w 


1*5 


In the middle of prominence. 


25 

8: 

46 

75 


w 


Slight 


No prominence. 


26 

11 

28 

20*5 


w 

1*0 

2*0 


To red at top j to violet at base. 


27 

10 

50 

.23 


w 

1-0 



At top. 


27 

10 

49 

27 


w 


1*0 


At base. 


28 

10 

18 

1-5 


E 


0*5 


Do. 


28 

8 

54 

42 


w 


0*5 


Do. 


28 

8 

47 

76 


w 

0-6 



Do, 


28 

8 

43 

86 


w 

0*5 



Do. 


29 

8 

45 

85 


E 

0*5 



At top. 


29 

9 

56 

3*5 


E 


1*0 


At base. 


29. 

9 

47 


13 

E 

VO 

4-0 


Do. 


29 

11 

22 


18 

E 

3*0 

.2-0 


Do. 


29 

11 

2:2 


27 

E 

1-0 



Do, 


29 

8 

48 

76 


W 

05 





30 

9 

22 

45.5 


E 


0*5 


At base. 


30 

9 

20 

23 


E 

0*5 



At 'top. 


30 

9 

22 

4 


W 

0*5 . 



Do. 


31 

8 

62 

83 


E 

1*0 



Do. 


31 

■ 9 

1 

60'6 


E 


Slight 




31 

9 

0 

48‘6 


E 


0*5 


At base. 


31 

9 

14 

12 

26 


.E ' 


ro 


At top. 

) 

31 

9 

14 


E 

0'5 

0*5 


To red at top i to violet at base. 


31 

9 

33 


19 

E 

0-5 



At base. 

I’ebruary 

1 

1 

9 

9 

9 

12 

»24 

8*5 


E 

E 

3"0 

2*5 

1*5 


To red at base ; to violet at top.. 

At top. 


1 

9 

24 


5 

W 

1-5 



Do. 


2 

8 

30 

65-5 


E 


Slight 


At top. 


2 

9 

2 

12 


E 


1*0 , 



2 

9 

10 

9 


E 

1‘0 . 



Do. 


2 

9 

44 


4 

E 


1*0 


• Do. 


2 

8 

48 

5 


10 

W 


0*5 


Do. 


2 

9 

26 


w 

0’5 



Do. 


3 

• 9 

5 

12 


E 

1-0 ; 

3*0 


.At base. 


3 

9 

6 

6 


E 


1*0 


Do. 


3 

10 

21 


13 

E 

1-0 

; 1*0 

0*5 

To red at top ; to violet at base. 


3 

9 

60 

30 


•w 



At base. 


3 

9 

44 

35 


w 


ro ' 



4 

9 

50 

32 


E 

■ Slight 



To red at top ; to violet at base» 


4 

10 

16 

10 

W 

VO 

0*5 



5 

8 

64 

32 


E 

1-0 





5 

8 

64 

15 


E 

0*5 ; 



To red at top ; to violet at base. 


5 

8 

50 

19 

W 

1-0 

2*0, 



5 

8 

50 


11 

W 

2*0 



At top; 


6 . 

9 

2 

30 


E. 


0*5 


At base. 


6 

9 

35 

13 


E 

0*5. 



Do, : 


6 

9 

28 


18 

W 

Slight 

0*5 ‘ 


At top. 


6. 

10 

42 

53-5 


W 


Do. 


7 ■' 

9 

24 

19 


E 

Slight 



Do. 


7 ■ 

9 

30 

3 


W 

ro 



Do. 


7 

9 

30 

20 


W 

0‘5 



Do. 


8 

9 

26 

39'5 


E 

0 5 



Do. 


8 

8 

9 

39 


24 

E 


3*0 


Do. 


9 

. 

39 


28 

E 

4*0 : 



At base. 


2-A 
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Date. 

Hour 

I.S.T. 

Latitude. 

Limb. 

. 

Displaoemeut. 

Hemarks. 

5Torth.j 

jSouth. 

Bed. 

' Violet. . 

Both ways. 

1927. 

February .9 

9 

11 

11 

11 

13 

13 

13 

13 

13 

13 

13 

1‘4 

14 
14 

14 

14 

14 

14 

14 

U 

14 

14 

14 

16 

16 

16 

16 

16 

16 

16 

16 

17 

20 

20 

20 

20 

,21 

21 

21 

21 

21 

22 

22 

22 

22 

22 

22 

. 23 

23 

23 

23 

23 

23 

23 

24 

24 

27 

27 

27 

27 

27 

28 

28 

28 

Maroh 1 

H. M. 

8 54 

9 0 

9 16 

9 12 

9 10 

9 10 

9 12 

9 12 

9 19 

9 9 

9 9 

9 4 

9 2 

9 7 

9 80 

0 30 

9 11 

8 49 

8 46 

8 56 

8 52 

9 20 

9 20 

8 45 

8 24 

9 6 

9 6 

8 42 

8 32 

8 28 

9 12 

8 52 

9 15 

8 20 

8 39 

8 45 

9 20 

9 30- 
9 34 

9 40 

9 42 

9 1 

8 37 

9 21 

9 23 

9 26 

8 54 

8 60 

8 26 

8 40 

8 40 

8 32 

9 46 

9 46 

8 60 

10 6 

10 16 

9 15 

9 28 

9 0 

9 0 

8 63 

10 30 

9 2 

8 68 

8 42 

o 

45-6 

26 

56-5 

34-5 

330 

61 

26 

21 

18 

13 

14 

16 

18 

44-6 

61 

6 

8 

18 
75*5 
&3 ■ 
13*5 

6 

63 

24 

11 

33-6 
^ 9 

39*6 

67 

36 

75*6 

30 

106 

13 

27 

30 ' 
31-5 
48*6 
20 

61*6 

47*5 

a 

27 

23 

16 

78 

40‘5 ! 
38-6 : 
22 ! 

2 

40'6 

23 

8-6 

29 

38*5 

43-5 

12 

15 

36 6 

19 

37*5 

29 

15 

17 

3 

23 

11 

E 

E 

W 

w 

w 

E 

E 

E 

W 

w 

w 

w 

E 

E 

E 

E 

E 

E 

K 

W 

W 

w 

w 

w 

E 

w 

w 

w 

w 

w 

E 

w 

w 

B ■ 
E 

E 

W 

E 

E 

E 

B 

W 

E 

E 

E 

E 

W 

w 

E 

E 
■ E 

E 

W 

W 

w 

E 

W 

E 

E 

W 

W 

w 

E 

W 

W 

E 

A. 

1*0 

' 2-0 

1-0 

10 

0*6 

2*0 

1*0 

1*0 

; 0*5 

1*6 

06 

ro 

06 

ro 

20 

1*5 

1 6 

' 2*0 

2*6 

: 

Sli^t 

3*0 

1-6 

Slight 

i ro 

ro 

0*6 

r6 

ro 

0*5 

ro 

2-0 

1*0 

V6 

2*0 

1*6 

ro 

1*6 

2*0 , 

1*6 

1*5 

A. 

ro 

1*5 

ro 

ro 

0*5 

ro 

ro 

1*0 

0*5 

0*5 

0*5 

Slight 

ro ■ 
ro 

0*6 

ro 

ro 

ro 

1*0 

Slight 

1*6 

06 

ro 

1*0 

0*6 

0*6 

ro 

ro 

1*6 

1*0 

1*0 

ro 

0*6 

ro 

A. 

At baee. 

At top. 

At base. 

Do. 

Do. 

Do. 

Do. 

At top. 

Do. 

Do. 

At base. 

Do. 

At top. 

To red at base 5 to violet at top, 

At top. 

At base. 

Do. 

Po. 

At top. 

Do, 

Do. 

Do. 

At base. 

At top. 

At top. 

At base. 

To red at top ; to violet at base. 

At top. 

To red at top [to violet at base, 

Do. 

Over whole prominence. 

At base. 

At top. 

Do. 

At base. 

At top. 

At base. 

At top, 

A t base* 

At top. 

Do 

At base. 

To red at top j to violet at base, 

'At top, 

Do. 

To red at base ; to violet at top. 

At top. 

At base. 

At top. 

Do. 

To red at base ; to violet at top. 

Do. 

At base. 

At top, 

To red at base : to viplet at top. 

At top. 

At base. : , 

To red at base ; to violet at top. 

Do, 

At top. 

Do. 

At base. 
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Date. 

Hour 

I.S.T. 

j Jjatitude. 

Limb, 

Displacement, 

Remarks. 

ISForth. 

South, 

Red. 

, Violet, j 

Both ways . 

1927. 

H. 

M. 

Q 

o 


A. 

A, 

A. 


JVEaroli 1 

9 

10 


19 

E 

0*5 



At top. 

1 

8 

51 


14 

W 

Slight 



Do. 

5 

9 

3 


26 

W 

0-5 




6 

9 

12 


305 

W 


05 



5 

9 

50 

44*5 


W 

ro 




6 

8 

54 

26 


E 


0*5 


At base. 

G 

9 

3 


11 

W 

I'O 



At top. 

9 

8 

26 


20 

W 

1-0 



Do. 

9 

8 

24 


li 

W 

10 



Do. 

9 

8 

22 

11 


W 


2*0 


At base. 

10 

8 

40 

25 


E 


0*5 



11 

8 

58 

25 


E 


1*0 


At to|). 

11 

9 

S 

1 


E 

1*0 

1*5 


To red at base ; to violet at top. 

12 

10 

, 1 

31 ’5 


E 


10 , 


At top. 

IS 

9 

25 

33*5 


E 

3*0 



Do. 

IS 

9 

8 

38-5 


E 

1*0 

1*5 


To red at top ; to violet at base. 

f 13 

8 

48 

24 


W 

10 



At top . 

IS 

8 

45 

28 


W 

2*0 



Do. 

IS 

8 

45 

30*5 


W 


ro 


At base. 

IS 

8 

41 

35’6 


W 

10 



At top, ' 

14 

9 

50 

60 


E 

2*5 

1*0 


To red at top j to violet at base. 

14 

9 

28 

51*5 


E 


4*5 


At top. 

14 

9 

14 

36;5 


E 

20*0 

5 


To red at base ; to violet at top. 

14 

10 

4 


41 5 

W 

2 



At top. 

15 

9 

0 

55*5 


E 

1 

2 


To red at top j l^o violet at base. 

15 

9 

12 

39*5 


E 

1 

1*5 


To red at base ; to violet at top. 

15 

9 

26 


10’5 

W 

1*5 

1 


To red at top ; to violet at base. 

15 

9 

9 


7 

w 

1 



At top. 

IG 

10 

6 


10 

w 

0*5 



Do, 

17 

9 

31 

,20 


E- 


1 


Do, 

17 

9 

29 

.8 


E 


1 


Do.; 

18 

8 

58 

70f) 


E 


0*5 , 


At base. 

18 

9 

SO 

40*5 


E 


1 


At top. 

18 

9 

16 


6 

E 

0*5 



At base. 

18 

9 

17 


16 

E 


1 


At top. 

, 18 

9 

6 


35*5 

W 


1 


At base.' 

18 

9 

23 


35*5 

W 

1 

1*5 


At top. 

19 

10 

16 

14 


w 

3 

■ 


No promill ence. 

19 

10 

35 

16 


w 

1 



At top. 

20 

8 

50 

30 


E 

05 



At base. 

20 

9 

15 


79*5 

E 

05 



Do. 

21 

9 

3 

55‘5 


E 


0*5 


Do. 

21 

9 

19 

34-6 


E 

1 



At top. 

21 

9 

8 

55*5 


W 

0*5 



> Do. 

22 

9 

7 

51*5 


E 

0*5 



At base. 

22 

9 

10 

31*5 


E 

0*5 



Do. 

22 

9 

0 

38'5 


W 

1 



At top. 

2S 

9 

3 

71*5 


E 

Slight 



At base. 

23 

9 

9 

12 


E 


1 


At top. 

23 

9 

1 


11 

W 

0*5 



Do, 

24 

9 

9 

GO ^ 


E 

1 



Do. 

24 

9 

9 

57*5 


E 


05 


At base.' ■ 

24 

9 

31 


30 

W 

0*5 



At top , 

25 

9 

24 

81 


E 

0*5 



Do, 

25 

9 

9 

57’5 


E 

1 



Do. 

25 

9 

29 

33-5 


E 


2 


Do 

25 

9 

31 

20 


E 


0*5 

i 

Do. 

25 

9 

19 


26 

W 

2 



Do. 

25 

9 

17 


■ 9 

w 

1 



Do. 

26 

9 

48 

7 


E 

Slight 



Do. 

26 

9 

45 


1 

E 

1 



At base. 

26 

9 

33 


74*5 

E 

0*5 



No promiiieiice. 

:27 

8 

45 

30 


E 

1 



At top. 

27 

9 

24 


. 74*5 

E 

0*5 ^ 



At base. 

27 

9 

8 


8 

W 

X 



At top. 

27 

9 

0 

30 


W 

8 

2 


At base. 

27 

9 

0 

37 


w 

3 



At top. 
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Latitude. 


NorthJSQuth. 


Displacement. 


yiolet. Both ways. 


. B^rnarks. 


8 68 
9 7 

8 52 

9 4 
10 27 


E 

W 

w 

w 

6*5 W 


At top. 

Do. 

Do. 

At base. 

At top. 

Do. 

To red at base ; to violet at top. 

Throughout top portion. 

At top. 


9 44 
10 43 
9 37 


10 58 
10 ‘35 
10 37 
10 21 
8 55 


9 26 
8 24 
8 24 
8 26 
8 31 
8 24 
8 46 
8 60 
8 33 
10 45 
10 43 
10 41 
10 33 
10 11 


At top. 

Do. 

At base. 

At top 
At base. 

Do. 

At top. 

Do 

To rod at boae ; to violet at top. 
At top. 1 *■ 

Dof 
Do. 

Do: 

At base. 

Do. 

Do. 

To red at base ; ‘to violet at top. 
At base. * 

At top. 

Do. 

At base. 

At top 

Over middle of prominence. 

At top. 

To red at top ; to violet at baao. 
At top. 

Do. 

Do. 

Do. 

At base. 

At top. 

Over whole prominence; 

At top. 

Do. 

At base. 

Do. 

At top. 

At base. 

At top. 

Do 

At base. 

At top. 

At base. 

Do. 

Do. 


At base. 

To red at base ; to violet at top. 
At base, 

At top. , 

Do;r 

At base. i 
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Latitude. 

j Limb. 

North South. 


Displacement. 


Violet ; Both wayis. 


Bern arks. 



At top. 

Do. 

Do. 

Do. 

«At base. 

At top. 

JDo. 

No prominence. 

At top. 

At base. 

At top. 

Do. 

Do. 

At base; 

At top. 

At base. 

At base. 

At top. 

Do. 

Do, 

Do. 

To red at top ; to violet at base. 
At top. 

Do. 

At base. 

At top. 

Do. 

To red at top ; to violet at base: 
At top. 

Do. 

At base. 

At top. 

Do. 

Do. 

At top. 

Do. 

At base. 

Do. 

Do. 

Do. 

At top. 

Do. 

Do. 

At base. 

At top. 

At base, 

At base. 

At top, 

Do. 

Do. 

Do. 

To red at top ; to violet at base. 
At base. 

At top, 

: Do. 

Do. 

At base. . 

To red at base ; to violet at ton. 
At top, ‘ 

To red at base ; to violet at top. 
At top. 

Do. 

Do. 
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Data. 


1927. 


May 


June 


10 

10 

10 

11 

11 

11 

.12 

12 

IH 

13 

14 
14 

14 

15 
15 
15 
15 
15 
15 

15 

16 
16 
17 
17 
17 
17 
17 

17 
IS 

18 
20 
20 
20 
20 
21 
21 

.21 

21 

21 

21 

22 

22 

22 

22 

24 

24 

24 

25 

25 

26 

25 

26 

27 

28 
28 
28 
28 
28 

29 
80 

30 


Hour 

Latitude. 

Limb. 

Displacement, 

I.S.T. 

North. 

South. 

Eed. 

■ 

• Violet. 

Both ways. 


U. M, 

9 34 
9 24 
10 1 
9 27 
9 54 


10 

9 


9 

9 

9 

9 

9 

9 

9 

9 


3 

52 


10 9 

9 29 
9 21 
,9 38 
9 27 
9 53 
9 7 

8 49 

8 47 

9 2 
9 10 
8 55 
8 63 

10. 54 
10 69 
10 8 
10 0 
10 20 
10 23 
10 24 
10 26 
10 12 
10 36 

8 58 

9 25 

9 10 
9 2 

9 
9 
9 
9 


25 
22 
16 
9 65 


58 

12 


9 15 
9 8 


3 

28 ' 

26 

6 

25 

5 

41 

4() 


11 20 
9 11 
9 20 
9 13 
9’ 12 
9 31 
9 33 
9 33 
9 2 

9 24 


10 

49 - 5 ' 

16 

59-5 


66 

40 

31 


45 

26 

67 


10 

18 


15 

14 


19 

57 

26 


22 

17’5 


51 

16 

43 

14 


14 


27 

62 

46 

42 

24-5 

14'5 

21 


24 

13'5 


16 

30 

21 

11 


36 

65 

13 

13' 

8 

21 ’6 

47 

70 


19 

47 

61, 


18 

67 

;6 

24 
86 6 

87-6 

34 

26 


11 

22 

10 

38. 


IlaniurkH, 


E 

E 

W 

E 

W 

w 

E 

W 

E 

W 

E 

E 

W 

E 

E 

E 

E 

E 

W 

W 

E 

W 

E 

E 

W 

W 

w 

w 

E 

w 

E 

E 

W 

W 

E 

E 

E 

E 

W 

W 

E 

E 

W 

.w 

E 
, E 
W 
E 
W 
W 

w 

w 

w 

E 

E 

E 

W 

w 

w 


1 

0-5 


0'6 
0'6 
1 . 


1 

, 0-5 
Slight 
1 

Slight 


0-6 

0‘5 

0-5 

1 

' 0*6 
1 

0-6 
Slight 
: 0-6 

1 

1 

1 

Slight 

1 


1 

Slight 
’ 0-5 


0-5 

0-6 

0'5 


1 

1 

Slight 


1 

0‘5 


' 0*5 



A. 


0*5 

Slight 


1 

1 

1'6 


0*5 

Slight 


Slight 


0*5 

0-6 


0-6 

1 

05 


05 
: 1 . 

Slight 


: 1 ^ 

Slight 


; 0’5 
1 

1 

0'6 

Slight 


Sl^ht 

0*6 


A. 


At top. 

Do. 

At base. 

Do. 

At top. 

Do. 

To red at basoj to violet at top. 
At top. 

Do. 

Do. 

Do, 

Do, 

Do. 


At base. 

At baao. 

At top. 

Do. 

Do. 

Do. 

Do. 

Do. 

At baso. 

At top. 

Do. 

At baso. 

To red at top ^ to violet at lawe. 
At top. 

At baso. 

Dq. 

At top. 

Do/ 

At baao. 

Attop. 

Do. 

Do. 

Do, 

At base. 

At top. 

At top. 

Do. 

Do, 

At base. 

Do. 

At top. 

Do. 

To rod at toi> j to' violet at Iwiso,. 
At base. 

At top. 

Do/ 

At base. 

Do. 

Attop. 

Do. 

Do. 

At base. 

Do. 

At bftso, 

Attop. 

At base. 

Attop, 

Do,*^ 
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Date. 

Hour 

I.B.T. 

Latitude. 

Limb 

Displacement. 

North. 

South 

Bed. 

Yiolet. 

Both ways. 

1927. 

H. 

M. 

o 

» 


A. 

A. 

A. 

June 7 

9 

43 


8 

E 

0*5 



7 

9 

41 


32 

E 


1 


8 

9 

22 

10 


E 

Slight 



8 

9 

20 


13 

E 




8 

9 

40 


9‘5 

W 

0*5 



8 

9 

43 

39 


W 

1 



9 

9 

19 

47 


E 


Slight 


9 

9 

58 


33 

W 


Do. 


9 

9 

36 

6 


W 

Slight 



9 

9 

44 

68*5 


W 


1 


10 

8 

47 

54 


E 

1 



10 

8 

46 

45 


E 

Slight 



12 

11 

26 

29 


E 

1 



16 

9 

2 


36 

E 


Of 


15 

9 

1 


42 

E 


1 


15 

S 

58 


72 

E 


Slight 


15 

9 

50 


16 

W 

L5 



15 

9 

52 

18 


W 

1 



19 

8 

54 

12 


E 

Of) 



19 

8 

56 


6 

E 

Of 



19 

8 

51 

17 


W 

Of 

Of 


19 

8 

50 

56 


W 




21 

10 

13 

50 


E 

.1 



21 

10 

B 


20 

E 


Of 


24 

9 

56 


20 

W 

1 



25 

9 

49 


,7 

E 


1 


26 

10 

2 


17 

E 

1 



27 

10 

2 

9 


W 


Of 


28 

9 

58 

36 


E 


Of 



Bemarks. 


I At top. 

Do. 

Do. 

Do. 

Do. 

Do. 

. Do. 

iu the chromosphere. 
At top. , 

Do. 

Do. 

Do. 

Do. 

At base, . 

At top. 

Do. 

Do. 

Do. 

At base. 


At top. 
Do. 
Do. 
Do. 

At base. 
Do. 
Do. 


The total number of displacements was 535 as against 230 in the previous half-year, and their distri- 
bution was as follows : — , 


Latitude. 



North. 

South. 

r— 30° ... 

1 . . 


... 169 

167 

31°~()0° ;.. 


... 

.,. Ill 

38 

()1°— 90° ... 

. 


... 35 

15 



Total , 

.. 315 

220 


East limb ••• 312 

West limb ... ... ... ... ... 223 

Total 535 

Three hundred and six displacements were towards the red, 224 towards the violet and 5 both ways 
simultaneously. 


IM 


' Iteversdts^and^i^idcments on 

Five hundred and ten bright reversals of Ha line^ 382 dark reversals of Da line and 214 displacements o£ 
Ha line were observed during the half-year. Their distribution -is given below : — 


« j 

\ 

i 

mtih. 

Bonth.. 

EfiaU 

West. 

Bright reversals of Ha 

... ' . 

.... 2|L6 

. 294 

264 

246 

Dark reversals of Ds 1 

..1 

... 149 

233 

204 

178 

Displacements of Ha | 


... 93 

121 

124 

90 


I • I 

One hundred and flfty-op.e displacements, "were towai'da the red, 61 towards the violet and 2 both ways 
simultaneously. i 

Th^ Eruptive prominerm 14th March 1921 . 

A remarkable eruptive’ promibence was photographed on the 14th March 1927. At S'‘ 40“ I.S.T. and 
at 8'* 53“ low prominences were photographed between 30° and 53° in the north-east quadrant the highest part 
reaching to 1' if above the chromosphere. The next photograph taken at O'* 18“ shows a lai’ge irregular 
prominence reaching to 6' 55", a rise of 254,000 kms. in 25 minutes or less. From this time photographs were 
taken as rapidly as possible until ll** 13“ when it had almost completely subsided, lyrnking visual observations 
with a prominence spectroscope Mr. S. Balasiindaram Ayyar noted a displacement o£ the 0 line extending 
from 5 A to the violet to as far as- 20 A to the red. This is one of the largest displacements ever recorded and 
although lasting only a few minutes the magnitude of the displacement was confirmed by other observors. 
The helium line Da was displaced as far as the sodium line Da. The displacements of the 0 line indicate 
velocities in the prominence ranging from 230jkms. per second towards the earth to 915 kms. per second away 
from the earth. The existence of jthese large; displacements prevents the true forms and velocities in the 
prominence being shown in the spectroheliograms. This view is supported by the difficulty of recognising 
identical parts of the prominence in succeeding photographs and also by the fact that although the prominence 
was growing in height between 8^ 53“ and 10’* 14", individual parts were either stationary or descending. 
After lO** 14“ the height of the prominence diminished and the parts wliich could be identified in successive 
photographs indicated descent whilst the prominence as a whole became fainter- At 11'‘ 13“ it was faint with 
a height of only 3' 46''. Throughout the whole tiine of these rapid changes, a small prominence at 51°— 53° 
NB remained unchanged with a height of about 40". 

■Pra7nin(me(^ projected on the dw as absorption markings. 

Photographs of the Sun’s disc in Ha light wei’e available from Kodaikonal and the co-operating 
observatories for a total of 176 days, which were counted as 171 effective days. The mean daily areas of Hrt 
absorption marldngs (corrected for foreshortening) in rniilionths of the Sun’s visible hemisphere and the mean 
daily numbers are given below : — 





Mean 

Moan 




daily 

daily 




areas. 

nnmbera. 

North . 

- 

... 

2,386 

19-9 

South. . 

•• 


... ... ... 1,911 

19-2 


... : ^ 

... 

■ Total 4,297 

39-1 


The above figures show an increase of 15 per cent in areas and 19 per cent in numbers compared with the 
previous half-year, ’ ■ ' ' 

For comparison with bulletins issued prior to the co-operatiou of other observatories, the means baaed on 
Kodaikanal photographs alone are also given, 154 days Of observation being reckoned as 150i effective days. 
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North (Kodaikanal photographs only) 
South do. 


Total 


Mean 

Mean 

daily 

daily 

areas. 

numbers. 

2,395 

20-3 

1,961 

201 

4,356 

40'4 


The distribution of the mean daily areas in latitude is shown in the following diagram There are 
two zones of activity in the northern hemisphere near 20° and 40° while the maximum of activity in the 
southern hemisphere is about 30°. The prominence activity in high latitudes has no counterpart in the 
nortliern hemisphere but persists in the southern. 



The activity was in excess in the eastern hemisphere, the percentage east being 50*96 in the case of 
numbers and 51*05 in the case of areas. 

Thanks are due to the co-operating observatories for the photographs supplied by them. 


The OBSEBVAa?oKY, Kodaikanal, T. EOYDS, 

19th Febrtmry 1928, Director, lOxlmlccmcd mid Mad^xts 


PiucE, 8 annafs, MAimAS : printed by the superintendent, government press— 1928 




^otraii^anal ©ibScrbatorg. 

BULLETIN No. LXXXIV. 


SUMMAEY OF PEOMINENCB OBSEEYATIONS EOE THE SECOND HALF 

OF THE YEAE 19,27. 


In pm-siiance of the programme of work adopted since 1st January 1923 under the auspices of the 
International Astronomical Union, all observatories taking spectroheliograms of the sun have been asked to 
co-operate with the Kodaikanal Observatory by supplying copies of their photographs on those days when the 
Kodaikanal records are imperfect or wanting. In response to our requirements for the second half of the year 
1927, the Mount Wilson Observatory supplied prominence plates for 49 days and Ea disc plates for 35 days ; 
Meudon Observatory supplied Ka disc plates for (I days and Ha disc plates for 10 days ; and the Pitch 
Hill Observatory (Mr. Evershed’s) at Ewhurst, Surrey, England, supplied 10 prominence plates and 3 Ha 
disc plates. 

When only incomplete or imperfect photooTaplis for any day are available from more than one obser- 
vatory, the best photograph is chosen as representing the solar activity of that day after v/eighting it according 
to its quality, and the^- remaining pIiotograi)hs are ignored. 

The mean daily areas and numbers of promiueuces during th 3 half-year are given below. The means 


are corrected for incomifiete or imperfect ol)sorvations, the total of 

181 days for which 

plates were available 

being reduced to 155 efil^ctive days. 


Mean daily areas 

Mean daily 



(^square miiiates). 

numbers. 

North 

... 

2'97 

9’99 

South 



2-54 

9*04 


Total 

5’51 

19*03 


Compared with the first half of the year, areas show a decrease of about 27 per cent in both hemispheres,, 
and numbers show a slight decrease in the southern hemisphere only. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means basei 
on Kodaikanal x)hotographs alone are also given, 145 days of observation being counted as 129i effective days. 



Mean daily areas 

Mean daily 


(square miiintes). 

numbers. 

North (Kodaikanal photographs only) ••• 

3-03 

10-34 

South ( do, ) 

2-47 

9-39 


Total 5’50 

1973 


163 
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The distribution of prominences in latitude is represented in the following diagram, in which the full 
line gives the mean daily areas and the broken line the mean daily numbers for each zone of 5 ° of latitude. The 
ordinates represent tenths of a square minute of arc for the full line and numbers for the broken line. The 
high latitude activity typical of the period of maximum activity of the sunspot cycle is still evident in pro- 
minence numbers although much reduced according to prominence areas when compared with the first half of 
the year. The areas in the belt North and South of the equator ai*e about one-half of those in the first 
half of the year. 
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Table I. — Absteact fob the second half op 1927. 


Months. 

Number 
of clays 
(effective). 

Areas. 

Numbers. 

Daily Means. 

Mean 

hfeaii 

Areas. 

Numbers. 

height. 

extent. 

1927, 

July 


169-3 

408 

7-1 

17*1 

ff 

330 

o 

4-75 

August 


119*4 

511 

5-1 

21-9 

34-5 

4-15 

September 

25i 

147 1 

507 

5-9 

199 

339 

4'8() 

October 

27 

136-0 

472 

5-0 

17-5 

35 5 

4-98 

November 

20 

1()8-S 

537 

4-2 • 

20-7 

32-8 

4-09 

December 


174-4 

516 

5-9 

17-5 

38-1 

5-36 

Third quarter 

721 

435-8 

1420 

6-0 

19-7 

33-9 

4 55 

Fourth quarter 

82^ 

418-2 

1525 

5-1 

18*5 

35-4 

4-80 

Second half-year 

165 

854-0 

2951 

5*5 

19-0 

,34-7 

4-68 


Distriiution east and ivest of the Sun’s axis. 

During the half-year both areas and nnnvhers showed a alight excess at the western limb compared mth 
the eastern limb as will be seen from the following table : — 


1927 July to December, 

East. 

West. 

Percentage East, 

Total number observed ... — 

1428 

1525 

48-4 

Total areas in square minutes 

418f> 

435-2 

49-0 


1-A 
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Metallic p?'ominences. 

Eighteen metalUc prominences were observed during the half-year. Their details are given below 
Table II.— List of metallio pbomikenobs observed at Kodaikanal, July to December 1927. 


Limb. Height. 


August 30 
31 


September 4 
13 


October 


9 26 
13 U 40 


November 16 
16 


27 

December 27 


Latitude. 

jNorth, 

South. 

o 

o 

11 


10 


10 

e 


13 

ii/wr. 

4 


16*5 

18 

9*5 


2 

16'6 

20*5 


20*5 

1*6 




81-6 

3 6 


15 


49241, 6W6, 5018-6, bi, bj, ba, bi, 6276-0, 6263-0, 
631d‘8, D 2 , Di 
0677 and 7065 only. 

492J1, 5016, 6018-6, b*, bj, ba, bj, 5276-0, 5316-8, 

6363-0, Da, D^, 6677, 7065. 

4mi, 6016, .5018-6, b*, b,, ba, b„ 5276-0, 5.316-8, 6.363-0, 
Da, D, 6677, 7066. 

40^-1, 5016, 5018-6, bi, bj, ba, bi, 5276-0, 6316-8, 6303-0, 
Da, Di, 7065. 

4924;], 5018-6, bi, b,, ba, bi, 5234-9,, 6276-0, 5316-8, 
636a0, Dfi. D^. 

b,, ba, bi, 62.33-0, 5270-2, 
.5.310-8, 5363-0, Da, Dx, 0677; 7005. 

492i-l, 6016, 6018-6, bi, ba, ba, b„ 6276-0, 5816-8, 

5363-0, 6677, 7066. 

6018-6, vbi, b„ ba, b., 62.34-8, .5276-0, 5316-8, 

6.36.3- 0. Da, Di, 0677, 7065. 
bi, ba, ba, bx, 531f)-8, Da, D,. 

4924-1, 5016, 5018-6, bi, ba, ba, bj 5276-0, 6316-8, 

Da, Di, 6677, 7065. 

4924-1, 5018-6, b*, ba, ba, bx, 62.34-8, 6276-0, 6316-8, 
oSud'O, D2, Di, V 

4924-1, 6016, 5018-6, bi, ba, ba, b„ 6227-4, 5269-8, 

5270-0, 6363-0, Da, D„ (V.77. 

1>4, ba, ba, bj. Da, Dx, faintly reserved. 

49241, 6C18-6, b^ ba, ba, bx, 6269-8, 5270-0, 5310-8, 
6328-6, 5863-0, Da, D„ 7'065. 

.5016, 5018-6, bi, ba, ba, bj, 6276-0, 6316-8, D-a, Di. 

ba, bx, 6234-8, 6276-2, 5316-8, 

636.3- 0, Da, Di, 7066. 

4924-1, 6018-6, bi, ba, ba, bx, 6234-8, 6276-2, 6316-8, 

5.36.3- 0, Da, Dx, 6677, 7066. 


The distribution in latitude of the metallic pi-ominences was as follows !~ 



Ten were on the east limb and 8 on the west limb. 
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Disijlaeements of tlw hydrogen lines. 

. of the displacements observed in the chromosphere and prominences 

mg table : — ‘ 


are given in the follow- 


TabijE III Displacements op the hydrogen lines. 


Date. 

Hour 

I.S.T. 

Latitude, 

Limb 

Displacement. 

Bemarks. 

North 

South 

Bed. 

Violet. 

Both ways 

1927. 


H. 

M. 

o 

0 


A. 

A. 

A. 


July 

14 

15 

15 

15 

18 

28 

29 

29 

9 

8 

9 

9 

9 

11 

9 

9 

1 

54 

16 

0 

52 

28 

40 

43 

65-5 

34 

28 

11 

39 

13 

9 

50*5 

E 

E 

W 

W 

w 

w 

E 

E 

0’5 

1 

1 

Slight 

Slight 

Slight 

0*5 


At top. 

No prominence. 

At base. 

At top. 

At base. 

At top. 

Do. 

At base. 

August 

3 

4 

9 

9 

20 

41 

21 

11 

33 

72 

34 

E 

E 

0*5 

Slight 


At top. 

Do. 


5 

7 

7 

7 

9 

9 

9 

9 

57 

31 

27 

38 

38 

W 

W 

W 

w 

1 

1 

1-5 

2 

0*5 


To red at top ; to violet at base. 
At top. 

At base. 

Do 


8 

9 

46 

13 

20 

11 « 
36 

w 


1 


Do. 


9 

17 

17 

n 

9 

9 

25 

51 

36 


w 

E ' 

w 

1 

Slight 

16 


To red at top j to violet at base, 
111 chromosphere. 

At base. 


18 

19 

19 

22 

9 

9 

9 

10 

12 

6 

0 

30 

24 

22 

16 

22 

E 

E 

W 

E 

1 

1 

0’5 

0-5 

Slight 


To red at base ; to violet at top. 
At top. 

At base. 

At top. 


22 

10 

28 


28 

W 

0-5 



Do. 


23 

8 

39 

18 


E 

1-6 



Do. 


23 

8 

29 


55 

W 


Slight 




23 

8 

23 


31 5 

W 


Ih5 


At base 


23 

8 

22 


30 

w 

0-6 



At top. 


25 

10 

40 

8 


w 

2 



Do, 


26 

10 

19 


16 

E 


1 


Do, 


26 

26 

10 

8 

23 

40 

24 

50 

E 

W 

2 

0*5 

1 


To red at base ; to violet at tot>. 
At top. 


26 

8 

32 

59 


w 

0*5 



Do. 


29 

9 

16 

83 


E 

Of) 



At base. 


29 

9 

3 

62 


E 


0*5 


Do. 


29 

9 

20 

6 


E 

1 



Do. 


30 

8 

24 

80 


E 


Slight 




30 

9 

0 


14 

E 

0*5 


At base. 


30 

8 

40 

76 

36-5 

W 

0*5 

1 


To red at base ; to violet at top. 


30 

8 

28 


W 


1 


At base. 


31 

9 

0 


13f) 

W 

2 



At top. 


31 

9 

0 


9 

W 


4 


At base, 


31 

8 

54 

24 


W 

1 



At top. 

September 

2 

8 

24 

65 


W 

0 5 





4 

9 

12 

44 5 


E 

0%5 



At base. 


4' 

9 

14 

38-5 


E 

Slight 



Do, 


4 

9 

16 


3 

E 

15 


At top. 


4 

8 

40 


10 

• E 

1 

3 


To red at base ; to violet at top. 


4 

9 

1 


13 

E 

10 



At base. 


4 

9 

18 


9 

E 


8 


At top. 


5 

8 

34 


U 

E 

1 

2 


To red at base j to violet at top. 


5 

8 

48 


43*5 

W 

0-5 



At top. 


5 

8 

32 

34 


W 

1 



Do. 


6 

9 

9 

15 

35 

68 

w 


Slight 


At base. 


7 

22 


w 

1 


Attop. 


9 

9 

34 


1 9 

w 


1 


Athase. 


9 

9 

27 

58'5 


w 


Slight 


Do. 


9 

9 

15 

82 


w 

0*6 


At top. 


2 
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Latitude. 

Hour Limb. 

1ST, 

N*orth. South. 


Displacemeut. 

Bed. yiolet. Both ways. 


RemarkH. 


September 10 


Slight 

1 

0'6 

0*6 

0-5 

Slight 

0-5 

1'6 

^ight 


At top. 

Do. 

At base. 

Do. 

At top. 

Do. 

Do. 

Do. 

At base. 

To red at base ; to violet at top. 
At base. 

At top. 

Do. 

Do. 

At base. 

At top. 

To red at base ; to violet at top. 
At base. 

At top. 

At base. 

To red at base : to violet at top. 
At top. 


At top. 




At base. 

At top. 

At base. 

Dot 
At top. 

Do. 

At base. 

Do. 

At top. 

At base. 

To red at top ; to violet at base. 
At base. 

At top* 

Do. 

Do. 

Do. 

Do. 

At top. 

Do. 


9 9 

20 

9 9 

12 

9 9 

9 

11 10 

31 

11 10 

26 

12 9 

12 


• Equator 

1 2 
64 


2 

Slight 

V6 

Slight 


At top. 
Do, 

To red at 
At top. 

At top. 
Do. 

Do. 

Do, 

Do. 

At bai?d. 
At top. 
Do. 

Do. 

At base. 


base ; to violet at top. 
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Date. 

Hour 

I.S.T. 

Latitude. 

Limb. 


NoxHh 

South 

Bed. 

1027. 


H. 

M. 

o 

O 


A 

October 

12 

9 

14 

26 


E 

05 


12 

0 

25 


2 

E 

1 


12 

0 

0 


12 

E 

05 


1() 

11 

58 

24 


E 

15 


1() 

11 

46 

17 


W 

2 


17 

10 

4 


30 

W 

1 


17 

10 

1 

1 Equator. 

w 

(>5 


IH 

10 

15 

50 


w 

1 


10 

0 

44 


26 

E 

1-5 


10 

0 

89 


17 

W 

1 


10 

0 

86 

88 


W 

1 


22 

10 

25 


42 

E 



22 

0 

55 


22 

W 



2a 

0 

a 

17 


E 

1 


2a 

0 

20 


42 

W 

2 


24 

8 

51 


5 

w 

1 


24 

8 

41 

87 


w 

1 


2() 

0 

11 

24 


E 

1 


26 

0 

2 


9 

w 



20 

0 

18 

15 


E 

1 


20 

0 

5 


23 

W 

Slight 


m 

10 

40 


25 

w 

Tko 


ai 

0 

25 


17 

E 

Slight 

November 

2 

10 

10 

79 


E 



2 

10 

la 

68 


AV 



a 

0 

15 

()(} 


E 

•<V5 


0 

10 

12 


8 

E 

1 


13 

0 

20 

35 


E 

0'5 


la 

0 

88 

7 


E 


14 

10 

ao 

45 


E 

Slight 


14 

10 

8() 

54 


W 

0 5 


15 

10 

1 

18 


E 

1*5 


15 

10 

1 

15 


E 



15 

0 

80 


17f) 

W 

1 


16 

16 

0 

0 

24 

27 

27 

20 

E 

E 

Slight 

0 5 


16 

0 

20 


68 

W 


16 

0 

6 


20 

w 

1 


16 

0 

6 


18 

w 


10 

10 

28 


16 

w 

1 


10 

0 

18 

28 


w 

1 


21 

0 

10 


11 

w 



21 

0 

0 

<)1 


w 

1’5 


22 

10 

0 

25 


E 



22 

0 

58 


75 

W 

Slight 


22 

0 

55 


41 

w 

0-5 


22 

9 

52 


10 

w 

0*5 


22 

9 

86 


10 

w 


22 

9 

80 


6 

w 

1 


22 

9 

85 

7 


w 

1 


2a 

9 

0 

58 


E 



28 

9 

12 

27 


E 



28 

24 

9 

7 

8 


W 

1 


9 

58 

4 


W 

0*5 


26 

9 

85 

42 


E 


26 

10 

87 

9 


E 

1 


26 

9 

41 

5 


E 

1 


26 

9 

41 

4 


E 



26 

9 

41 

2 


E' ■ 

2 


26 

0 

48 


22 

E 

0*5 


26 

0 

48 


25 

E 



26 

10 

54 


60 

E 



26 

0 

9 

IB 


W 



Displacement 

Violet . 

Both ways. 

Remarks. 

A. 

A. 

i 

At base. 

Do. 

Do 

At top. 

1 


lo red at base i to violet at top. 

At base. 

At top. 

Do 

At base. 

At top. 

Do. 

1 


Do. 

1 


At base. 

Do. 

At top. 

Do. 

Do. 

At base. 

1 


Do. 

Do. 

At top. 

Do. 

At base. 

Slight 


At base. 

0*5 


Do. 




At base. 

Do. 

0*5 


At top. 

At base. 

At top. 

At base. 

0*5 


At top. 

Do. 

At base. ^ 

Slight 


No prominence. 

1 


At top. 

At base. 

At top. 

0*5 


At base. 

At top. 

0*5 


Do. 

Do. 

Do. 

Do. 

1 


At base. 

At top. 

Do. 

0*5 


At base. 

1 


At top. 

Do. 

Slight 


At top. 

1 


To violet at top ; to red at base. 

At base. 

2 


Throughout the height of the promi- 
nence between + 3° to 5” E. 

8 


At the top most of part of the 
prominence whose base is between 
+ 8'* to 5° E, 

At top. 

1 


Do. 

1 


On a floating speck. 

0*5 


At top. 


©Ciffil on Ufi6 9CcmiAp 
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The -western hemisphere shows a sliKht prepomlemuct' ftver tlic »>n»lrTn in arens, tlii> pi'n’niit»w<* »iti<l Iti-ijijj 
49'68 ; in ntiinhers the poroontago east is .'5()'71. 

Thanks are due to the co-oporatiiitf (ilwervatories foi' tiu* photoKntphH Mupiilieii by litem. 

THS OBSBaVATORy, Kodaikakal, 

ZSrd Augmt loss. 


T. HO YDS, 

Ih'miur, Kiiflttiknml ntwi Matlrnit (Hmrvmhti iM, 






Pbicb, 8 atom. 


MAlIKAB ; PSinrKD BY THB »0PIIlINTIKI»irr. OOYStWKWTP PtIM— I9S8. 


^otintltanal ^^sferbatorg. 

bulletin No. LXXXV. f f 


SUMMAEY OF PEOMIFENCB OBSEEVATIONS FOE THE FIEST HALF 

OF THE TBAE 1928. 


lu pursuance of the programme of work adopted since 1st January 1923 imder the ausnices of 
International Astronomical Union, all observatories taking spectroheliograms of the sun have been asked to 
co-operate with the Kodaikanal Observatory by supplying copies of their photographs on those days when ce 

igj requirements for the first half of the year 

the Mount Wilson Observatory supplied prominence plates for 10 days and Ha disc plates for 11 dlys - 

Meudon Observatory supplied K, disc plates for 9 days and Ha disc plates for 19 days ■ and the PiL’ 
die Ewhurst, Surrey, England, supplied 10 prominence plates and 5 Ha 


When only incomplete or imperfect photographs for any day are available from more than one obser- 
vatory, the best photograph is chosen as representing the solar activity of that day after weighting it according 
to its quality, and the remaining photographs are ignored. 

The mean daily areas and numbers of prominences during the half-year are given below The means 

;are corrected for incomplete or imperfect observations, the total of 179 days for which plates were available 
being reduced to 167| effective days. 


North 

South 


Mean daily areas Mean daily 
(square minutes). numbers. 

3-71 10-72 

3-45 8-72 


Total ... 7-16 19-44 


Compared with the previous half-year areas show an increase of 30 per cent and numbers an increase 
of only .. per cent, and the predominance of activity in the northern hemisphere is maintained. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means based 
•on Kodaikanal photographs alone are also given, 163 days of observation being counted as 158 effective days. 


Meau daily areas Mean daily 
(square minutes). numbers. 

North (Kodaikanal photographs only) 3*80 10*83 

( do.. )... ... 3-50 8-80 


Total ... 7-30 19-63 


The distribution of prominences in latitude is represented in the following diagram, in which the full 
line gives the mean daily areas and the broken line the mean daily numbers for each zone of 5° of latitude. The 
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ordinates represent tenths of a square minute of arc for the full line and numbers for the broken line. The 
activity in high latitudes has subsided in the southern hemisphere. There are peaks near 40° and 70** in the 
northern hemisphere and near 20^, 35° and 55° in the southern. Prominence areas in the equatorial regions- 
have exhibited a marked increase compared vdth the previous half-year. 



The monthly, quarterly and areas and numbers, and the mean height and mean extent of the- 

prominences on pt^otographs from all the co-operating observatories are given in Table I. The nnit of area is 
1 square minute of arc^ The mean height is derived by adding together the greatest heights reached by 
lnd,itidual prominences mi dividing by the total number of promiuenoes observed ) ^e mean extent is derived 
"by adding together to lengths of the base on the chromosphere of individual prominences and dividing by 
ito total nttmber of prom^ 
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Table I.— Absteact foe the fiest half of 1928. 


Months. 

Number 
of days 
(effective). 

Areas. 

Numbers. 

Daily Means. 

Mean 

height. 

Mean 

extent. 

Areas. 

Numbers. 

1928. 






n 

0 

January 

27 

157-7 

489 

5*8 

18*1 

391 

5-00 

February 

26f 

171'5 

513 

6-4 

19-1 

38-7 

5*42 

March 

30 

251*8 

690 

8-4 

23-0 

40-4 

5-94 

April 

291 

229-2 

628 

7*7 

211 

42-0 

7-59 

May 

31 

259-2 

550 

8‘4 

17-7 

41-2 

9-80 

June 

23i 

132-6 

387 

5*7 

16-6 

37-8 

7-95 

First quarter 

83i 

581-0 

1,692 

6*9 

20-2 

39-5 

5-65 

Second quarter 

84 

621-0 

1,565 

7-4 

18-6 

40-7 

8-45 

First half-year 

1671 

1,202-0 

3,257 

7*2 

19-4 

40-1 

7-00 


Distribution east and west of the Sun's axis. 

During the half-year both areas and numbers showed an excess at the east limb compared with the west 
limb as will be seen from the following table : — 


1928 January to June. 

East. 

West. 

Percentage East. 

Total number observed 

1,644 

1,614 

50-5 

Total areas in square minutes 

623*7 

578*3 

51-9 


Metallic prominences. 

Fifty-two metallic prominences were observed during the half-year. Their details are given below ; — 
Stable II.— List of mbtallio eeominbnobs obsbevbd at Kobaikabal, Jahhaet to June 1928. 






Latitude. 





Hour 

I.S.T. 




Limb. 

Height. 

Lines. 

Date. 

Base. 







North. 

South, 




1928. 

I^. 

M. 

I 

0 

0 

o 


n 


J anuary 3 

9, 

20 

3 

11-5 


W 

15 

4924-1,5016, 5018-6, 5^, 5,, b^, bi, 6276*0, 5316*8’ 
6363-0, D„ Di, 6677, 7065. 

9 

9 

2 

4 


18 

w 

25 

4924-1. 5016, bt, ba, bs, b^, 5276*0, 5316*8, 5363*0, D,^, 







Di, 6677, 7065. 

10 

10 

17 

3 


18*5 

w 

30 

4924-1, 5018-6, b4, bg, b^, bi, 5234*8, 5316-8, 5363*0, 






Da, Di. 

14 

10 

25 

1 

6-5 


w 

20 

4924:1, 6018-6, b*, b., b„ bi, 5234-8, 5276-2, 5361-8, 





53370, 6363-0, D., Dj. 

16 

9 

30 

10 

16 


E 

25 

4924-1, 5018-6,5198-0, 5233-2, 5269-8, 5276-0, 5283-7, 




6316-8, 5328-0, 6371-7, D Dj, 6677, 7066. 


1-A 
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Date. 

Hour 

I.S.T; 

' 

Base. 

Latitude. 

Limb. 

Height. 

North, 

South. 

• 1 

1928. ‘ 

H. 

r 

M. 

0 ' 

o 

o 

i 


January :18 

9 

30 

4 

6 


W 

10 

,19 

10 

24 

1 


10‘5 

W 

10' 

23 

9 

48 

3 


21-6 

w 

10 

February 1 

11 

7 

6 

3 


w 

16 

i 9 

9 

59 


13 


E 

6 

12 

9 

16 

4 

16 


E 

20: 

14 

9 

33 

2 

21 


E 

6 

16 

9 

50 

1 

16’6 


B 

6 

19 

9 

5 

3 


16'5 

E 

,10 

21 

9 

33 

3 


34 

E 

35 

26 

10 

10 

1 

16'6 


W 

, 6 

26 

9 

16 

2 


7 


16 

27 

8 

47 

4 


22 

w 

16 

29 

9 

87 

4 


12 

E 

6 

March 4 

9 

30 

2 


6 

W 

6 


8 

84 

3- 


13*6 

w 

20 

" 8 

8 

47 

' 2 


18 . 

w 

20 

9 

9 

0 



16 

E 

10 

10 

8 

24 

1 

19-6 


E 

10 

11 

8 

44 

2 

21 


B 

16 

13 

9 

4 

2 

11 


E 

10 

14 

8 

44 

3 

6*5 


W 

10 

■ 20 

8 

38 

2 

17 


W 

5 

23 

9 

13 

4 


10 

E 

10 

24 

9 

66 

1 



...w 

6, 

26 

9 

0 

2 


16 

w 

10 

26 

8 

55 

2 

11 


w 

20 

28 

9 

10 

6 

9*6 


B 

16 

A.pril 2 

8 

42 

2 


13 

E 

10 

6 

8 

66 

2 


13 

W 

10 

11 

10 

0 



19 

W 

5 “ 

12 

9 

40 

2 

25 


W 


22 

: 9 

22 

3 

11-5 


w 

16 

.■■...•27 

: 9 

30 

2 

9 


E 

10 

May 6 

8 

33 

3 

16-5 


B 

20 

,. /■ .."7 

8 

33 

2 

16 


E 

16 


Lines. 


5270-6, 6316-8,. 

Ua, bb77, 7065. 

5234-8, 5276-0,5316-8, 

5363-0, D., D,, 6677, 7066. 

5«. bi, 6269-8, 5276-0, 6316-8, 
5363-0, D„ Di, 6677, 7065. 

b*. bB,b„bi, 6208-8, 6270-7, 5276-2, 
6316-8, 5363-0, Di, 6677, 7066. Form seen m 
most lines. 

^^^oao’a^SJ®'®' bd, b8,b„ bi, 5234-8, 6276-0, 6316-8, 
5363-0, Dj,Di, 6677, 706.6. - “o.- 

A®i5’ ®2J®'§}.b4. ba, ba J}„ 6234-8, 5276 0, 6316-8, 
/ioo?®i® iPoi-m seen in many linos. 

b4.ba, bs,bi, 6276-2, 5310-8. D., 

^®«=Q’A®?i®‘® 4 ,b*,„b„ ba,bi, 6234-8,5276-0, 6316-8,. 
6363-0, Da, Da, 6677, 7066. 

^^6677 S’®’ *’*’ bi, 5316-8, 6363-0, D., D„. 

4924-1, 5018-6, b*, b,, b^, bj, 5316-8, D,, Di. 

b,. bs, bi, 6234-8, 6276-0, 6316-8, 

6363*0, Dfl, Di, 

b». b., bi, 5234-8, 5276-0, 6316-8, 
5363-0, Da, Di, 6677, 7065. Displacement seen in 
many of the lines. 

A®i^' 5018-6, b4, b„b,,bi, 6234-8, 6276-2, 6316-8, 
6363-0, Da, Di, 6677, 7066. .o^oo, 

^®Mi’.A®°A®'®VAb*- ba. ba, bi, 6234-8, 6276-0, 6316-8, 

uobd 0) La, L.J, 

^®d'^'d°B7 7665"* 

b*. bs. ba, b,, 5276-2, 6316-8, D,, Di. 

h‘’ b«> ^>1* 5234-8, 6276-2,. 
6316-8, ^3-0, Da, p a, 6677, 7066. Displacement 
seen uL D-s and b's also'. 

^®667^ b0l8-6, bi, b„ b,, bi, 6276-2, 6316-8, D„ Di, 
6018-6,‘bi, ba, ba, bx, 6.B16-8, D„ D.. 

bi, ba, ba, bj, 6316-8, Da, D,. 

p8-6, bi, ba, ba, b„ 6316;8, D., D„ 6677, 7066, - 

bii.ba, ba, bi, D.»i Di:. .FMntlyrevOTsed. 

6018-6, bi, ba. b„ bx, 6276-2, 6316-8, Da, D,. 

49241, 6016, 6018-6, b^, b„ ba, L, 6227-3, 6266-8 
6269-9, 6276-2, 6316-8, 6363rDa! Di. 

b«. bi, 6197-4, 6208-7, 62348, 
6276-2, 6316-8, 6363-0, D„Di, 7066. ' 

^°18-6, bi, b,,‘ba, 1^, 6234-8, 6269-8, 
.-5263-6, 6m-2, 631^-8, 636^-0, D a, ]5i, 6677, 7066. 
49241, 6016. 60]8-6,bi,b,,bs, K, ^234-8, 6270,6276-2, 
6316-8, 6063-0, D*, Di, 6677; 7066, '• ’ 

5018-6, bi,b,, bs,bi,D^Di, 6677. 
bj, U bi, Ds, Di, 6677. 

b«. be, bi, 6234-8, 6276-2, 6316-8, . 
_5363 0, Ds, Di. Foi-m seen in b’s and D’s. 

6018-6, bi, bj, ba, bj, 6316-8, Da, Di, 6677, 7066. 

^ii'h ’’»' '5«> bi. 52348, 6276-2, 6316-8, 

5363'0, Lbi Li. 

5018-6, bi, b,, be, bi, 6276-2,6316-8, 6363-0, D*, Di. 
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Date. 

Hour 

I.S.T. 

Base. 

Lati 

North 

tude. 

.South, 

Limb, 

Height. 

Lines. 

1928. 

H. M. 

0 

0 



// 


May 12 

10 2 

4 


12 

W 

15 

49241, 6016, 6018-G, b., bs, b* bi, 6234'8, 6316-8, 








5276-2, D2, D„ 6677, 7065. 

13 

9 0 

4 


16 

W 

15 

4924-1, 5016, 5018-6, b., bj, ba, b„ 5234-8, 5276-2, 6316-8, 








5363*0, Da, 0,. 6677, 7065. » ’ ’ » 

13 

9 25 

3 


12*5 

E 

10 

5018-6, bi, ba, bj, b^ 5676-2, 5316-8, Da, D^, 6677. 

14 

8 32 

9 


14-6 

W 

10 

4924-1, 5016, 5018-6, b., bs, ba, bi, 5234-8, 6276-2, 5316-8, 








6363-0, Da, D^, 6677, 7065. 

• 15 

8 32 

4 


13 

W 

10 

4924-1, 6016, 5018-6, ba, bs, ba, b^, 5234-8, 5276-2, 








6316-8, 5363-0, Da, Di, 6677, 7065. 

21 

8 60 

3 

14-5 


E 

10 

4924-1, 5016, 6C18-6, b*, bs, ba, b^, 5234-8, 5276-2, 6316-8, 








6363-0. Da, Di, 6677, 7065. 

26 

8 50 • 

5 


13-5 

E 

15 

4924-1, 6016, 5018-6. b., bs, ba, bi, 5234-8, 6276-2, 5316-8, 








5363-0, Da, D 1 , 6677, 7065. 

27 

8 48 

5 


10*5 

E 

16 

4924-1, 5016, 5018-6, b., bs, ba, bi, 6234-8, 6276-2, 5316-8, 








6363-0, Da, Di, 6677, 7066. 

June 3 

9 45 

5 

11*5 


W 

20 

4924-1, 5018-6, b*, bs, ba, bi, 6234 8, 6276-2, 6316-8, 








Da, Di, 6677, 7065. 

23 

12 0 

4 

19 


E 


4924-1, 5018-6, 5234-9, 6269-8, 5266-2, 5284-2, 6316-8, 








5328-2, 6363-0, 6.371-7. 

27 

10 5 

8 

32 


E 


b*, bs, ba, bi, Da, Di. 


The distribution of the metallic prominences was as follows : — 




ir-20° 

21°- 30“ 

3r-°-40‘’ 

Mean latitude. 

. 

Extreme latitudes. 

North .. 

.6 

17 

3 

1 

14'’‘2 

3° and 32° 

South 

3 

19 

2 

j 

1 

15°*0 

6° and 34° 


Twenty-five were on the east limb and 27 on the west limb. 


Displacements of the hydrogen lines. 

Particulars of the displacements observed in the chromosphere and prominences are given in the 
following table : — 


TABLH III. — DiSPLAOBMBNTS OB HTDR06BN LINES. 


Date. 

Hour 

I.S.T. 

Latitude. 

Limb. 

Displacement. 

Remarks, 

North, 

South. 

Red. 

Violet. 

Both ways. 

1928. 

H. M. 

o 

£> 


A. 

A. 

A. 


January 1 

9 32 

64 

• 

E 

0*5 



At base. 

1 

9 36 

6 


' E 

0*6 



Do. 

' 1 

9 16 

30 


W 

0*6 . 



At top. 

2 

9 21 

87 

# 

E 


0*5 



2 

9 16 

6 


E 

1 



At base. 

2 

9 26 


44 

E 

Slight 



At top. 

3 

9 30 


16 

E 

1 

0*5 


To red at base ; to violet at top. 


2 
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Date. 


1928. 


Jaa-aary 


3 

3 

3 

4 
4 
8 
9 
9 
9 

10 

11 

11 ^ 

14 

14 

14 

15 
15 

15 

16 
15 

15 

16 
16 
16 
16 
16 
16 
16 
16 
17 

17 

18 
18 
19 
19 
19 
19 
19 
19 
19 

19 

20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
23 

23 

24 
24 
24 

24 
26 

25 

26 
26 
26 
26 
26 
26 
26 
27 
27 


Hon 

I.S.^ 

IT 

X^ati tilde. 

Limb. 

Displacemeat. 


r. 

forth. £ 

lontli. 

Bed. 

Violet. 

Both ways. 

H. 

M. 

o 

o 


A. 

A, 

A. 


9 

20 

9 



1 



At top. 

9 

14 

18 


■w 


1 


At base- 

9 

12 

30 


w 



At top. 

9 

0 


63 

E 




8 

50 

16 

W 




Do. 

11 

23 


17 

w 

1 



Do. 

8 

58 

48 

B 


0-5 


At base. 

9 

2 


19 

W 




Do. 

9 

2 


16 

W 

1 



At top. 

10 

17 


19 

W 

1 

2 


Do. 

10 

67 


13 

E 

1 



Do. 

10 

46 

31 


W 



Do. 

11 

0 

825 


B 




At base. 

10 

41 


8 

W 

1 



At top. 

10 

19 

7 


yr 

Slight 



Do. 

9 

9 

83*6 


B 

Slight. 



To red at 

9 

12 

16 


E 

2*6 

1 


9 

68 

46 

E 

Slight 

0-6 


At base. 

9 

48 


4 

W 


Do. 

9 

34 

4 


w 

1 



At top. 

9 

22 

53 


w 

■ Slight 




9 

6 

34 


E 

Slight 


At top. 

9 

30 

23 


E 


2 


9 

30 

17 


E 

2 

1*5 


To red at 

9 

30 

16 


E 



1 

At base. 

9 

40 

14 


E 

3 

< 


9 

30 

13 


B 


1 


Do, 

9 

12 


17 

E 

1 



Do. 

8 

14 


27 

E 



1 

Do. 

11 

18 


76'6 

W 


. 1 


At top. 

11 

28 


18 

w 


3 


Do. 

9 

30 

4 


w ' 

1-5 



Do. 

9 

30 

7 


w 

1 



To red at 

10 

0 

30 

' 

E 




At top. 

9 

62 

6'6 


E 


1 


Do, 

9 



37' 1 

B 


1 


Do. 

9 

47 ! 


41 

E 


Slight 


Do. 

10 

19 


14 

W 

3 



Do, 

10 

19 


9 

W 



1 

Do. 

10 

19 


10 

W 


1 


At base. 

10 

19 


7 

w 


1 


Do. 

9 

18 

26 


E 

1 


♦ 

At top. 

9 

39 

7 


E 




At base. 

9 

27 

47 


W 




At top. 

10 

24 

8 


B 

1 



At base, 

10 

34 

4 

E 


1-5 


At top. 

10 

37 


14 

E 

Slight 



Do. 

10 

37 


30 

E 

1 



At base. 

10 

40 


67'5 

B 


1 


At top. 

10 

19 


15 

W 




Do. 

10 

6 

30 


W 

Slight 



Do. 

9 

14 

39 


B 

Slight 



Do. 

9 

36 


20 

E 

3 

1*6 


To red at 

9 

12 


17 

B 

3 



At base. 

9 

12 ' 


17 

E ' 

1*6 

1 


At );uiddl< 

9 

16 


35 

E 

Slight. 



At base. 

9 

27 

24 


W 

1' 



Do. 

8 

59 

67-5 


E 

1 



At top. 

9 

17 

12 


E 



At base. 

9 

22 

10 

E 

6 



Do. 

9 

22 


16 

E 

5 

1 


To red al 

9 

6 

13 

W 

1 




9 

43 

42*6 


B 


Slight 


Do. 

9 

28 

9 

E 

4 


Do. 

9 

28 


14 

E 

1 



Do. 

9 

68 

6 


W 

2 



^ Do, 

9 

26 

18- 


B . 

1 



Do* 

9 

31 

68 5 


W 

Slight 





Remarks. 



Date. 

Hour 

I.S.X. 

Latitude. 

Limb. * 

Displacement, 

Remarks. 

North. 1 

South. 

Eed. 

Yiolet, 

Both ways 

• 1928. 

H. M, 

& 

o 

0 


A. 

A. 

A, 


J anuary 30 

9 28 

4Cr5 


B 

05 



At top. 

30 

9 32 

21 


W 

Slight 



At base. 

31 

9 25 

36-5 


E 

Slight 



At top. 

31 

9 21 

10 


B 


1 


At base. 

31 

9 58 


19 

B 

0*5 



At top. 

31 

9 55 


61 

B 

0*5 



Do. 

31 

10 14 

2 


W 


1 


M base. 

31 

9 20 

4 


w 

1 




31 

10 10 

6’5 


w 

3 



At top. 

31 

10 14 

8 


w 


1 


At base. 

February 1 

10 66 


IS 

, E 


0*5 



1 

11 7 

3 


i w 

2 

, 1 


To red at top j to violet at base. 

1 

11 7 

8 


i w 

2 



At top. 

5 

8 55 

50-5 


! E 

Slight 



Do. 

5 

8 59 

21 


1 w 

1 

0*5 


To red at top ; to violet at base. 

7 

9 7 

18 


^ E 

15 



At top. 

7 

10 16 


18 

w 

1 



Do. 

7 

9 12 


12 

w 


1 


At base. 

9 

10 19 

25 


E 

1 



At top. 

9 

10 19 

20 


B 


Slight 


Do. 

9 

9 59 

13 


^ E 



1 

Do. 

9 

10 30 


26 

W 


1 


Over whole prominence. 

10 

11 9 


38-5 

W 

1 



At top. 

11 

10 0 


78-5 

W 

1 



In chromosphere. 

11 

9 32 


17 

W 

0*5 



Do. 

12 

9 2 

78-5 


E 


0*5 


At base. 

12 

9 0 

73 


E 

1 



At top. 

12 

9 29 

43-5 


E 

0*5 



At base. 

12 

9 15 

21 


E 

0*5 

1 


To red at base ; to violet at top. 

12 

9 22 

18 


E 


0*5 


At base. 

12 

9 31 


14*5 

E 

1 



At base ; the displacement extends 









through 6° along the base. 

12 

9 28 


38*5 

W 


0*5 


At base. 

12 

9 25 


22 

W 

0*5 



At top. 

12 

9 6 

24 


w. 

1 



Do. 

13 

9 10 

28 


E 


0*5 


At base. 

13 

9 7 

18 


E 

1 

0*5 


To red at top ; to violet at base. 

13 

9 12 

33 


W 

0*5 



At top. ^ 

13 

9 14 

66 


w. 

Slight 




14 

9 15 

22 


E 

1 

2*5 


To red at top ; to violet at base. 

14 

9 33 

21 


E 

2 



At top. 

16 

9 37 

6*5 


E 


1 


On a floating prominence. 

16 

10 7 

8X5 


W 

1 



At top. 

17 

9 34 

7 


E 


1 


Do. 

17 

9 32 


14 

B 


1 


Do. 

17 

9 29 


16*5 

E 


1 


Do, 

17 

9 41 


44*5 

E 

0*5 



At base 

18 

9 55 


18*5 

E 

2*5 

2 


Over the whole prominence. 

18 

10 1 


12 

E 


1 


At top ; the displacement extends 









through 4“. 

18 

10 1 


15 

E 


2 


At top. 

18 

10 9 


18*5 

E 


5 


At top of floating cloud. 

. 19 

9 16 

23 


’ E 

0*5 



At base. 

19 

9 6 


.7 

E 

1 



At top 

19 

9 5 


18 

E 

1 



At base. 

19 

8 58 

27 


W 


0*5 


At top. 

20 

9 2 

59 


E 

1 



At base. 

. 20 

9 54 


2 

; E 

1 



Do. 

20 

9 12 


48*5 

E 

0*5 



Do. 

21 

9 8 

325 


E 

1 



Do, ' 

21 

9 26 


12 

E 

1 

1 


At top. 

21 

9 31 


34 

E 

2 



The displaced portion is detached and 









the displacement extends 3" on it. 

21 

9 19 


26 

W 

0*6 ’ 



At top. 

21 

9 14 

48*5 


W 


Slight 



21 

9 12 

78*5 


W 


Slight 

1 



2-a 



180 





181 



Hour 

Latitude, 



Displacement. 


Date. 



T ’ 1 



Remarks. 

IS.T. 

North, 

, South, 

1 

' JjllUD, 

Red. 

Violet. 

Both ways. 



1928. 

H. M. 

o 

o 


A. 

A. 

A. 


March 8 

8 34 

8 


L 

1 



At base. 

8 

9 2 


53*5 

E 


1 


At top. 

8 

9 14 


37-5 

W 

1-5 



Do. 

8 

8 45 

7 


W 


0-5 


8 

8 43 

40-5 


W 


Slight 



8 

8 41 

74 


W 


Slight 



9 

9 20 

19 


E 

0*5 


At base. 

9 ! 

9 5 

10 

8 

E 

0-5 

1 


At top. 

9 

9 25 


E 



At base. 

9 

9 

9 0 

9 27 


16 

23 

E 

E 

1 

1 

1*5 


To red at base ; to violet at top.. 

At base. 

9 

9 17 


66 

E 


Slight 


9 

9 

9 14 

9 12 


82 

73-6 

W 

W 

0*5 

Slight 


No prominence. 

At top. 

9 

8 50 


11 

w 

1 



Do. 

9 

8 47 

21 


w 

Slight 



9 

8 44 

83 


w 

Slight 



10 

8 26 

35-5 


E 


Slight 



10 

10 

8 24 

8 33 

19*5 

11 

E 

W 

1 

1 

0*5 


To red at top ; to violet at base.. 

At top. 

10 

8 53 


5 

w 


0-5 


At base. 

11 

8 38 

37'5 


E 


Slight 


11 

8 44 

21 


E 


0*5 


At top. 

11 

9 3 

4 


E 


1 


Do. 

11 

8 40 


3 

W 


Slight 



12 

8 33 

77 


E 

0*5 



12 

8 30 

24 


E 


0*5 



12 

9 5 


2 

E 

0*5 



At base. 

12 

9 9 


12 

E 

0‘5 



Do. 

12 

9 8 

21 


W 

0*5 



At top. 

12 

8 36 

66 


W 

0-5 



Do. 

13 

8 44 

72*5 



0*5 



Do. 

13 

8 40 

62‘5 


E 


0'6 


No prominence. 

13 

8 38 

30 


E 

0'5 



At top. 

13 

13 

9 4 

9 30 

11 

8 


E 

E 

1*5 

1 

2-5 


To red at base ; to violet at top. 

At top. 

13 

9 32 


19 

E 

2 



At base. 

13 

8 46 

77 


W 


Slight 



14 

8 33 

20 


E 


1 


At base. 

14 

8 31 

10 


' E 

1‘5 

1 


To red at top j to violet at base. 

14 

8 44 

7 


W 

1*6 

0*5 


Do. do. 

15 

8 43 

67 


E 


Slight 


At base. 

15 

8 63 

12 


E 


1 


At top. 

15 

8 45 


i 30 

E 

1 



At base. 

15 

9 4 


34-5 

E 


1*5 


At top. 

15 

8 61 


7 

W 

1 



Do. 

15 

8 51 


4 

W 


0*5 

- 

At base. 

15 

8 44 

63 


w 


Slight 


Do. 

16 

8 48 

74'6 


E 


Slight 



16 

8 40 

21 


E 

1 


At top. 

16 

9 10 

21 


E 


1 


Do. 

16 

9 0 


10 

^ E 



1 


16 

8 64 


10 

W 

1 

0*5 


To red at top ; to violet at base. 

16 

8 62 

12 


W 

2-5 

1*5 


Do, do. 

17 

9 32 

69 


E 

0*5 



At top. 

17 

8 60 

36-5 


E 

O’o 



Do. 

17 

10 10 


2 

. B 


0*5 


Do. 

17 

10 12 


9 

E 


1 


Do. 

17 

9 57 


10*5 

W 

2*6 

2 


To red at top ; to violet at base. 

17 

9 52 

1 


w 

1 



At top. 

17 

9 50 

16 


w 

1*5 

0*5 


To red at top ; to violet at base. 

18 

8 42 

36-5 


E 


2 


At base. 

18 

8 57 

35-5 


E 

1 



Do. 

18 

8 54 


7 

E 


0*6 


At top. 

18 

8 50 


17 

E 


1 


Do. 

18 

9 18 


38-5 

E 

0*6 



At base. 

18 

9 20 


83 

E 

Slight 



Do. 


A; 




3 
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Latitude. 


orth. South. 


Diaplaoement. 


Violet. Both ways. 


Bemarks. 


9 4 

9 4 

9 46 
8 48 
11 0 
11 0 
8 42 
8 42 
8 31 
8 30 
8 26 

8 58 

9 0 

9 0 

8 48 
8 42 
8 38 


At top. 
Do. 

At base. 

■ 

At base. 
At top. 
Bo. 

At base. 


At top, 

At base. 

At top. 

At base. 

At top. 

Do: 

At base, extends through 3“. 
At top. 

At base. 


extends through 4® from 28® 

At top. 

At base. 

Do. 

At top. 

At base. 

To red at base : to violet at top. 

At top. * 


9 63 
10 13 


30 
23 
7 ' 

4 

69 

36’6 

Equator. 


At top, extends through 1®, 

At top. 

At base. 

At top, 

Do. 

Do. 

At base. 

At top. 

Do. 

Do. 

At base. 

At top. 

Do. 

Do. 

At base. 

At top. 

To red at top ; to violet at base, 

At base. 

At top. 

At base. 

Do. 

At top. 


At base. 
Do. 
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Date, 

Hour 

I.S.T. 

Latitude. 

Limb. 

Displacement. 

Eemarks. 

North, 

jsouth. 

Bed. 

Violet. 

Both ways. 

1928. 


H. 

M. 

0 

o 


A. 

A. 

A, 


March 

29 

31 

8 

9 

59 

21 

9 

37-5 

E 

W 


0-5 

1 


At base. 

In chromosphere. 

April 

1 

1 

9 

9 

12 

33 

16 

30 

E 

E 

Slight 

1 


At top. 

Do 


2 

8 

27 

31*5 


E 


Slight 


At base, 


z 

2 

o 

8 

42 

42 


13 

18 

E 

E 

1*5 

1 

1 


To red at base ; to violet at top. 


2 

8 

34 


62-5 

W 

Slight 





2 

8 

32 

77-5 


W 

Slight 




3 

3 

3 

4 

8 

9 

9 

9 

58 

44 

13 

12 

14 

66 

17 

16 

E 

E 

W 

E 

1 

1 

1*5 

1 

1 


At top. 

To red at top to violet at base. 

At top. 

Do. 


4 

9 

44 


12 

E 


1 


At base. 


4 

11 

19 


24 

W 

4 



Do. ’ 


4 

9 

32 


23 

W 


1-5 


At base ; the displacement ext end a 


4 

11 

8 


21 

W 


2 


through 2“ from 22’’ to 24°. 


■ 4 

11 

23 


19 

W 


2 


At top. 


4 

9 

25 

25 


W 

1-5 





6 

8 

36 

60-5 


E 


Slight 




5 

8 

58 

31 


E 

1 


zlt base. 


6 

9 

2 


13 

E 


1 


At top. 


5 

8 

36 


26-5 

W 

1 

1 


To red at top ; to violet at base ;|the 



8 

44 

25 


W 




displacement extends througli 11“ 
from 25*to26“; 


6 


0-5 



At top, 


5 

8 

39 

43‘5 


W 

1*5 



Do. 


6 

8 

28 

33 


E 

Slight 





6 

8 

28 

12 

13 

E 

1 



At top. 


6 

8 

56 


W 

1 

1*5 


To red at top ; to violet at base. 


6 

8 

58 


13 

W 

3 

3*5 


Do. 


6 

9 

15 


10 

w 

1 



At top. 


6 

8 

36 

34 


w 

0*5 



Do. 


7 

8 

48 

19 


E 

1'5 



Do. 


7 

9 

15 


13 

E 


1 


Do. 


7 

9 

15 


17 

E 

2*6 

2 


To red at base; to violet at top. 


7 

9 

1 

3 ^ 


W 


Slight 




7 

8 

51 

78‘6 


W 


Slight 




8 

8 

45 

14 


E 


1% 


At base. 


8 

8 

41 

11 


E 

1-5 



At top. 


9 

9 

55 


3 

E 


0-5 


At base. 


9 

9 

53 


8 

E 


1 


At top. 


10 

9 

23 

14 


E 

2*5 

1*5 


To red at top ; to violet at base. 


10 

9 

27 


7 

E 


3-5 


At base. 


10 

8 

46 


7 

E 


2 


Do. 


10 

9 

27 


9 

E 

3 



Do. 


10 

9 

30 


24 

W 

0*5 



At top. 


10 

9 

11 

7 


W 

1*5 



Do 


10 

9 

0 

12 


W 

tb 



Do. 


10 

9 

3 

17 


W 


1 


At base. 


10 

9 

3 

25 


W 

1 



At top. 


11 

9 

48 

79-6 


E 

0*5 



Do, 


11 

10 

5 

22 


E 

0-5 



At base. 


11 

10 

0 


19 

W 

1 

0'5 


To red at top 5 to violet at base. 


11 

8 

53 


7 

W 

1 



At base. 


11 

8 

53 

1 

4 

W 

0*5 



At top. 


11 

9 

50 

35 


W 

0*5 



Do. 


12 

9 

17 

71 


E 

0*5 



Do. 


12 

9 

15 

57-5 


E 

Slight 



Do. 


12 

9 

10 

10 


E 

0-5 


At base. 


12 

10 

2 


30 

E 

1*5 



At top. 


12 

10 

5 


53-5 

E 

Slight 



At base. 


12 

9 

55 


66 

W 

1 



At top. 


t 
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Displacement. 


Bed. Violet. Both ways. 


BomnrkH. 


At base. 
At top. 
Do. 

At base. 


At top. 

At base. 

At base, extends over 1® from 61® to 
62®. 

At top. 

At base. 

At top. 

At base. 

Do. 

At top. 

Both at base, 

At top. 

At base. 

At top. 

At base. 

At top. 

Both at base. 

At base. 

At top. 

Do. 

Do. 

At base. 

Do. 

Do, 

Both at base. 

At baao. 

At top. 

Do, 

Do, 

Do. 

At base. 

Do, 

At top, 

Do. 

Do. 

At top. 

At base. 

At top. 

At base. 

At top. 

Do 

Do. 

At base. 

At top. 

At base. 

At top. 

Do. 

Both at base. 

At top. 

At base. 

At top. 

Do: 

At top, extending from the promi^ 
nenoe between 18® to 88®. 

At top ; the displaoementlextoadB over 
4® ftom 9® to 18®, 

At base. 

3p 
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Date. 

Hour 

IS.T. 

Latitude. 

. 

' Limb 


North 

. South 

Red. 


1928. 


H. 

M. 

0 

0 


A. 

April 


22 

8 

44 

36 


W 




23 

9 

32 

8 


E 

1 



23 

10 

3 


8 

E 

1 



23 

10 

3 


11 

E 



23 

8 

3 

6 

W 

1 



23 

9 

22 

14 


W 

T5 



23 

9 

20 

29 


w 

E 



24 

8 

65 

73*5 


1*5 



24 

8 

45 

17 


E 

1 



24 

24 

9 

9 

25 

25 


4 

6 

E 

E 

Slight 



24 

9 

29 


15 

E 

0*6 



24 

9 

29 


17 

E 

1 



24 

9 

17 


58*5 

W 




24 

24 

9 

9 

17 

13 


56*5 

38 

W 

W 

Slight 



24 

9 

13 


34 

W 

0*5 



24 

9 

3 

34 


W 



24 

9 

2 

42 


W 

0*5 



25 

25 

10 

8 

25 

55 

42 

13 


E 

E 

Slight 

0'5 



25 

9 

26 

6 


E 



25 

9 

22 


2 

E 

2-5 



25 

9 

22 


5 

E 

2 



25 

9 

22 


6 

E 




25 

9 

22 


1 10 

E 




25 

9 

10 


1 16 

E 

2 



26 

10 

11 

62*5 

E 

Slight 



26 

9 

50 

23*5 


E 

1 



26 

9 

50 

26*5 


E 




26 

9 

34 

18 


E 

2 



26 

9 

46 

13 


E 




26 

9 

30 


21 

E 

2 



26 

9 

23 


38 

E 




27 

8 

56 

23 

E 




27 

8 

54 

3 


E 

1 



27 

9 

20 

9’ 


E 

1 



27 

9 

4 


6 

W 




27 

9 

0 

66*5 

W 




28 

10 

0 

7 


E 




28 

9 

35 


62*5 

W 




29 

8 

61 


7 

E 

1 



29 

9 

2 


10 

E 




29 

8 

50 


12 

E 




29 

8 

67 


16 

E 

0*5 



29 

9 

3 


18 

W 

1 



29 

8 

66 

17 

W 

1 



29 

8 

65 

43 


w 

Slight 



29 

9 

8 

79*5 


w 



29 

8 

54 

86*6 


w 




30 

8 

44 

5 


E 

1*5 



30 

8 

48 


11 

E 



30 

9 

11 


16 

E 




30 

9 

7 


20 

E 

2*5 



30 

8 

36 


74*5 

W 

1 



30 

8 

32 


17 

W 

1*5 



30 

9 

0 


14 

w 


May 


30 

8 

27 

49 


w 



1 

10 

19 

19 


E 




1 

9 

6 


10 

E 

2*5 



1 

9 

6 


14 

E 

2 



1 

10 

56 


14 

E 

3 



1 

9 

6 


16 

E 




1 

10 

66 


16 

E 



Displacement. 


Yiolet. 


A. 

Slight 


1*5 

1 

Slight 


Slight 


Slight 

1 

0-6 


0*5 


2 

1'5 


1 


2-5 

Slight 

1 

1*5 

2 

Slight 

Slight 

1 

2*5 

0*5 


0-5 

3 

1 

3 

4 


X 

Slight 


1 

3'5 

1*5 


Remarks. 


Both ways. 


A. 


At base. 

I Do. 

Do. 

At top. 

Do. 

To red at top ; to violet at base. 

At top. 

Do. 

At base. 

Do. 

At top. 

Do. 

At base. 

At top. 

At base. 

Do. 

Do, 

Do. 

Do. 


At base. 

At top. 

At top, extends over 2° from 4® to 6®. 
At top, extends over 2® from 5® to 7®. 
At base. 

At top. 

At top, extends over 1® from 23® 
to 24®. 

At top, extends over 1® from 26® 
to 27®. 

In chromosphere. 

At top. 

Throughout height. 

At top. 

Do. 

At base. 

To red at base ; to violet at top. 

At base. 


0*5 


At top. 

At base. 

At top. 

At base. • 

Do. 

At top. 

Do. 

Do. 

Do. 

At base. 

To red at base : to violet at top. 
At top. 

Do. 

To red at base ; to violet at top. 
At top, 

Do. 

At base. 


At base. 

At top. 

At top, extends over 2° from 13® to 15®. 
To red at top. to violet at base ; 

extends over 2® from 13® to 15®, 

At base, 

Do. 
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Dkplaoement, 


Violet. Both ways. 


Kemarks. 


At base. 

At top. 

Do. 

At base. 

At top. 

At base. 

Do. 

Do. 

At base. 

At top, extends over Tfrom 16® to 17®, 
At top, extends over 2* from 19® to 21°. 
At top. 

At top, extends over 3® from 15® to 18°. 
At base. 

Do. 

At base, extends over 6® from 32® to 
38“. 

At base. 

At top. 

Do. 

Do. 

At the middle of the prominenoe. 

At top. 

Do: 

Do. 

Do. 

Do. 

At base. 

At top. 

At base. 

Do. 

At top. 

To red at base ; to violet al i(^p. 

At top. 

Do 

Do. 

At base. 

At top. 

Do, 

At base. 

Do. 

Do. 

Do. 

At top. 

At base. 

Both at top. 

At top. 

Do 

Do. 

At top. 

At base. 

Do. 

At top. 

Do. 

To red at top ; to violet at base. 

At base. 

Do. 

At top. / 

To red at base ; to violet at top. 
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Date. 


1928. 


May 


14 

14 

14 

14 

15 
15 
15 
15 
15 
15 

15 
If) 
1C) 

16 
16 
17 

17 

' 18 

18 
18 
18 
18 
18 
19 
19 
19 
19 

19 

20 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
21 
22 
22 
22 
23 

23 

24 

24 

25 
25 
25 
25 

25 

26 
26 
26 
26 


Hour 

I.S.T. 

Latitude. 


JSTortl 

1. Soutl 

*■' ij]mb. 

1. 

H. M. 

0 

c 


i 9 5 


«.V; 4 

W 

1 8 42 

28’ 


W 

9 5 

64 


E 

8 45 

14 


E 

8 41 


8 

E 

8 32 


18*5 

‘ W 

8 32 


18 

w 

8 32 


15 

w 

8 32 


11 

w 

8 50 

17 


E 

8 60 

9 


E 

8 55 


13 

E 

9 18 


20 

W 

9 18 


18 

W 

9 18 


12 

W 

8 38 

67 


w 

8 55 

81*5 


E 

10 5 

31 


E 

8 47 


21 

W 

9 20 

30 


w 

8 44 

14 


E 

8 54 


24 

E 

8 52 

10 


E 

9 28 


71 

W 

9 15 


1% 

w 

9 11 

4 


w 

9 10 

14 


w 

9 5 

56 


w 

8 58 

19 


E 

8 53 


82 

w 

8 51 


31 


8 49 

14 


w 

8 39 

45 


w 

10 17 

15 


E 

10 34 


48 

E 

10 32 


83*5 

W 

10 25 


17 

w 

11 1 


1 

w 

10 22 

5 


YT 

10 20 

14 


w 

8 50 

14 


E 

8 45 

9 


E 

8 42 


2 

E 

8 25 


9 

E 

8 40 


13 

E 

8 36 


84*5 

W 

8 33 


62 

W 

8 30 


9 

w 

8 47 

31 


E 

8 50 


41 

E 

8 32 

40 


W 

8 34 

26 


E 

8 50 

43 


W 

8 52 


15 

E 

9 0 


40 

E 

8 37 

59 


E 

7 59 

7 


E 

8 33 


11 

E 

8 31 


18 

E 

8 25 


84 

W 

8 12 

46. 


E 

8 27 

28 


E 

8 50 


12 

E 

8 60 


19 

E 


Displaces eut. 


Bed. 


Yiolet. 


Both. ways. 


A. 


Slight 

3'5 

1 

1 


0'5 

0-5 

3 

' 1*5 
. 1 
0-5 

Slight 

4 

Slight 

Slight 

Slight 

1 

1 

1 

Slight 

0\5 


1 

Slight 

0*5 

0‘5 
C‘*5 , 
1 
1 

• 2 

1 

' 0'5 
1 

Slight 

0*5 

Slight 

0*5 

1 

^ 0*5 
Slight 


1 

Slight 

0*5 

Slight 

2 

6 


A. 

1 

Slight 


0*5 

0*5 


Slight 

1 

0*5 


0*5 


1 

Slight 
, 0’5 

0*5 

Slight 

0*5 


: 1 

1 

Slight 

0*5 


1 

Slight 

0*5 


Slight 

2*5 


Bemarlcs. 


At top, extends over 6° from T to 7"^. 
At top. 

At base. 

Do. 

Do. 

To red at base ; to violet at top ; 

extends over 1° from 18° to 19°. 

At top. 

At top, extends over 2° from 14° to 
16°. 

To red at top 5 to violet at base 
At top. 

At base. 

Do. 

To red at top ; to violet at base. 

At top. 

At base. 

At top. 

At base. 

To red at top ; to violet at base. 

At base. 

At top. 

At base. 

Both at base. 

At top. 

Do. 

Do. 

Do. 

Do. 

At base. 

Do. 

Do. 

To red at top ; to violet at base,. 

At top. 


At top. 

To red at top : to violet at base. 
At top. 

Do. 

Do. 

To red at base ; to violet at top. 
At base. 

At base. 

At top. 

Do. 

At base. 

At top. 

At base. 

Do. 

At top. 

Do. 

Do. 

At top. 

At base. 

Do. 

Do. 


At top. 

To red at base ; to violet at top. 
At top. 
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Latitude. 


North. South. 


25 E 

10 E 

18 E 

B 

16 E 

24 B 

E 
E 

22 E 

64 W 

W 

w 

16 E 

32 W 

13 W 

B 

18 E 


12 W 
E 

4 W 
W 
W 
W 
W 

w 

20 E 

64 W 

W 
E 
E 
E 
E 
E 

48 E 

E 
B 

42 W 

20 W 

W 


16 E 
E 
E. 
E 

6 E 
29 B 
64 E 
9 W 
E 

17 W 


21 W 

16 W 

21-5 W 

W 


Displacement. 


Red. Yiolet. Both ways. 


KemarkB. 


At base. 

To red at base ; to violet at top. 
To red at top ; to violet at base, 
At base. 

At top. 

Do. 

At base. 

At top. 

At base. 

Do. 

To red at top ; to violet at base. 
At base. 

At top, 

At base. 


To red at base ; to violet at top, 
At top. 

At base. 

At top. 

■To red at top ; to violet at base, 
At top. 

Do. 

Do. 

At top. 

At base. 

Do. 

At tog, 

At base. 

Do, 

At top. 

At base. 

At top. 

Do: 

Do. 

Do. 

Do. 

At base. 

Do. 


At top, 

At base. 

To violet at top. 
At base. 

At top. 

Do. 

At base. 

To red at top* 
At base. 

At top* 

Do. 

At base. 

At top* 

Do. . 

Do. 

Do. 
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«• 


The total number of 
was as follows : — 


displacements ms 786 as against 252 in the previous half-year and their distribution 


Latitude. 
Equator 
1°— 30” 
3l°— 60° 
61°— 90° 


North. 

South. 

264 

295 

80 

62 

59 

25 


Total ... 1 403 382 


East limb 
West limb 


... 434 

352 

Total ... 786 


Four hundred and thirty-eight displacements were towards the red, 338 towards the violet and 10 both 
ways simultaneously. 


Beversals and displacements on the Sun’s disc. 


Five hundred and eighty-six bright reversals of the H« line, 541 dark reversals of Ds line and 253. 
displacements of the Ha line were observed during the half-year. Their distribution is given below 


Bright rerersals of H.a 
Dark reversals of Ds 
Displacements of 


North. 

South. 

Bast. 

West; 

269 

317 

313 

273 

247 

294 

294 

247 

120 

133 

160 

93 


One hundred and eighty-fonr displacements 
simultaneously. 


were towards the red 


, 67 towards the violet and 2 both ways 


Prominences projected on the disc as absorption markings. 

Photographs of the Sun’s disc in Ka light were available from Kodaikanal and the co-operating 
observatories for a total of 181 days, which were counted as 174| effective days. The mean daily areas of 
absorption markings (corrected for foreshortening) in millionths of the Sun’s visible hemisphere and their mean 
daily numbers are given below 



Mean daily 

Mean daily 


areas. 

numbers. 

North 

... 1,132 

11-2 

South 

... ... 2,608 

18-4 


Total ... 3,740 

2-96 


The above totals show an increase of about 8 per cent in areas and an increase of 3 per cent in numbers 
compared with, the previous half-year. There is a decrease in the northern hemisphere which is more than 
counterbalanced by the increase in the southern and resulting in a considerable preponderance of activity in 
the southern hemisphere in contrast to the northern preponderance of prominences at the limb. 




1<K) 

For companaon -with biillctina laswed piior t > tli i i mti ii f H i il « r\iit n a ib i it It } u 

Kodaatanal photographa aloiii. iUO nlao «ivtn IbJ (lujH 1 1 iHivutiut tut, tkii ii 1 7 tif ii li\ 

M I I M H i h 
» I r»i 


North (kodaikanal phologiapliH nl> ) 

1 li) 

11 1 


South ( do 1 

s 

j » 


r hii 

{H i 

b» » 


The diatnbution of the mean daily ar aa in liititn 1 

iH Hh in (h 

f ii ihinu 1 ii.n lu 

rh 

maximum of activity atill pcrsiata 'within the -soiu 1(1 li JU 

un 1 til r IH 11 pink 

f a tUU> M j r 1 If 1 

t tl 


aontheni hemisphere 



Thania are due to the co operating obserratoriea for the phatag«„h« .applied by ibam. 



^otiailianal ^fiSerbatorg. 

BULLETIN No. LXXXVI. 


SUMMAEY OF PROMINENCE OBSEEYATIONS FOE THE SECOND HAT.ff 

OF THE YEAR 1928. 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the 
International Astronomical Union, all observatories taking spectrokeliograms of the Sun have been asked to- 
co-operate with the Kodaikanal Observatory by supplying copies of their photographs on those days when the 
Kodaikanal records are imperfect or wanting. In response to our requirements for the second half of the year 
1928, the Mount Wilson Observatory supplied prominence plates for 55 days and Ea disc plates for 33 days - 
Meudon Observatory supplied K« disc plates for 18 days and Ea disc plates for 30 days ; and the Pitch 
Hill Observatory (Mr. Evershed’s) at Ewhnrst, Surrey, England, supplied nine prominence plates and 
eleven Hit disc plates. 

When only incomplete or imperfect photographs for any day are available from more than one obser- 
vatory, the best photograph is chosen as representing the solar activity of that day after weighting it according 
to its quality, and the remaining photographs are ignored. 

.The mean daily areas and numbers of prominences during the half-year are given below. The means 
are corrected for incomplete or imperfect observations, the total of 176 days for which plates were available 


being reduced to 149 effective days. 

Mean daily areas Mean, daily 
(square minutes). numbers. 

North 3.53 9.03 

South ... ... 3.33 8‘22 


Total ... 6'84 17 25 


Compared with the previous half-year areas show a decrease of about 4'5 per cent and numbers a 

decrease of about 11'3 per cent, and the predominance of activity in the northern hemisphere is still 
maintained. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means based 
on Kodaikanal photographs alone are also given, 144 days of observation being counted as 122 effective days. 



Mean daily areas 

Mean daily 

North (Kodaikanal photographs only) ... 

(square minutes)* 

numbers. 

3‘()(5 

9-66 

South ( do. ) ... 

3-47 

8-73 


Total ... 713 

18'39 


The distribution of prominences in latitude is represented in the following diagram, in which the full 
line gives the mean daily areas and the broken line the mean daily numbers for each zone of 5° of latitude. The 

191 


192 


ordinates represent tenths of a square minute of arc for the full line and numbers for the broken line. Com- 
pared -with the previous half-year the diagram shows a slight change in the distribution of activity in the 
various zones. The peaks of activity in the higher latitudes have moved about 5* towards the poles, whereas 
those in the low latitudes have moved 5° towards the equator. 
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Table I.— Abstract for the sbcone hale op 1928. 


Months. 

Number 
of days 
(effective). 

Areas. 

Numbers. 

Daily Means. 

Mean 

height. 

Mean I 

extent. 

Areas. 

Numbers. 

1928. 






n 

Q 

July 

m 

1771 

461 

6*9 

17-5 

43*9 

7*99 

August 

25^ 

177-8 

435 

7*0 

17-2 

42*4 

6*47 

September 

283r. 

224-7 

503 

8*0 

17-8 

38-2 

7-03 

October 

26^ 

171-8 

416 

6*6 

16-9 

40*8 

7*17 

November 

18 

129-.8 

308 

7*2 

17-1 

46-3 

6*45 

December 

25J- 

137-2 

4463 

6*4 

17-6 

37*0 

4*93 

Third quarter 

m 

. 

579f) 

1,389 . 

7*3 

17*5 

41*4 

7*17 

Fourth quarter 

691 

438*3 

1,170 

6*3 

16*8 

49*4 

6-13 

Second half-year 

149 

3,017*9 

2,559 

6*8 

17‘2 

45-0 

6*69 

1 


Distrilmtion east atid ivest of the Sim's axis. 

Unlike that in the previous half-year, both areas and numbers showed an excess at the west limb compared 
with the east limb as will be seen from the following table : — 



1928 July to Decembor. 

East. 

I West. 

Percentage East. 


Total number observed 

1,240 

1,309 

48-6 


Total areas in square minutes 

4,989 

5,195 

49-0 j 


Metallic liromimnces. - 

Twenty-seven metallic promin.uroes were observed during the half-year. Their details are given below : 

Table II.— List op metallic prominences observed at Kodaikanal, July to December 1928, 


Date. 

Hour 

L8.T. 

Base. 

Latitude. 

Limb. 

Height. 

Lines. 

North. 

South 

1928, 

11. m. 

! 0 

o 

0 


ft 

1 4924-1, 5018-6, b., b», bi, 5234-8, 6276-2, 5816-8, 

July 11 

10 49 

6 


20 

E 

15 









5363-0, D Di, 6677, 70§h. v o o o. 

24 

8' 32 

2 


17 

W 


5018-6, b., b., ba, b^, 5316-8, Di, Di, 6677. 

August 10 

9 14 

3 

25*5 


E 

26 

4924-1, 5016, 5018-6, b., b,, b„ b,. 6276-2, 6316-8, 








5363-0, D*, Di, 6677, 7066. 

27 

12 12 

4 


23 

W 

20 

4924-1, 5016, 5018-6, b., b., bj, bi, 5234-8, 6276-2, 








5316-8,5363-0, D., D,. 


1-A 
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Date. 

Hotir 

I.S.T. 

Base. 

] 

Latitude. 

Limb. 

fleight. 

Lines. 

!7orth, ! 

South. 

1928. 

H. M. 

o 

o 

o 


tt 


September 4 

9 47 




B9 


bi) bs. bs, bi| Ds, Di, 6677, 7066. 

5 

9 8 

3 



mum 


b4i ba, ba, bi, Da, Di. 

6 

9 15 


15 




4924-1. 6018-6, b*. b., b., bi, 6234-8, 6276-2,6316-8, 






BiH 


6363*0, Da, Di, 6677, 7066. 

18 

8 60 

4 

17 




4924-1, 6016, 6018-6, b., b., b„ bi, 62848, 6276-2, 






■■ 


6316-8, 6363-0, D„ Dj, 6677, 7066. 

18 

8 44 

6 


19 6 



4924-1, 6016,5018-6, b*,b„b.,bi, 6234-8,6276-2, 6316-8, 








5363*0, D;i, Di, 6677, 70^. 

19 

9 10 

2 

20 


w 

15 

bi, ba, ba, b], Da, Dj. 

24 

8 45 

4 


16 

w 

20 

4924*1, 5016, 6018-6, bi, ba, ba, bi, 6234*8, 5276*2, 








5316*8, 6363*0, Do, D,, 6677. 

25 

9 10 

2 


16 


. 15 

4924-1, ^018-6, b,, b„ b., bi, 6234-8, 6270 0, 6276-2, 








5316-8, D„D„ 6677. 

26 

9 43 

1 


19-5 

E 

16 

bi, bai ba, bi, Da, Di* 

30 

9 35 1 

2 


mm 

W 


4924-1, 6018-6, b., b„ b„ bi, 6'234-8. 6276-2, 6316-8, 








6363-0, D„ 01, 6677, 7066. 

October 3 

9 46 

3 


16*6 


16 

4924-1, 5018-6, b*, b., b„ b,, 6316-8, D., Da. 6677. 

7 

9 12 

3 

14-5 


B 

16 

4924-1, 5018-6, b.,bs, b,, bi, 6284-8, 6316-8, 6363-0, D„ 

13 

8 34 

3 


16'6 

E 

15 

4924-i, 6018-6, b., b„ bg, bi, 6316-8, Dj, Da. 

28 

10 10 

1 

16-6 


AV 

16 

4924-1, 6018-6, b., b„ b„ b^, 6276-2, 6363-0, 6371-8, 








D., Da, 6677,7666. 

29 

10 30 

6 

14 


W 

6 

4924-1, 6018-6, bg, b., bg, bi, 6234-8, 6276-2, 6316-8, 








6363-0, D., Da, 6677, 7066. 

30 

12 0 

4 

16 


w . 


bi, bg, bg, ba, D|, Da, 7066. 

November 3 

10 2 

2 


16 

E 


4924-1, 6018-6, b., bg, b,, 6234-8, 6276-2, 6310-8. 








6363-0, Dg, Di, 6677, 7066. 

December 6 

10 6 



11 

E 

15 

4924-1. 5018-6, bg, b„ bg, ba, 6269-8, 6316-8, Dg, Da, 
6677, 7066. 

6 

9 60 

1 



E 

16 

4924-1, 6018-6, K, b„ b„ ba, Dg, D,. 

10 

9 12 

4 

20 


B 

15 

4924-1,6016,5018-6, b*, bg, bg, bj, 6234-8, 6276-2, 6316-8, 








6363-0, D.,Di. 6677, im. 

11 

8 62 

4 

19 


E 

10 

4924-1, 6018-6, bg, b., bg, ba, 6276-2, 6316-8, Dg, Da, 








6677. 

24 

8 67 

4 

9 




4924-1, 5018'6, bg, b,, bg, ba, 6234-8, 6276-2, 6316-0; 
Dg, Da, 706o. 

31 

9 33 

2 

13 


E 

10 

4924-1, 5018-6, bg, b„ b., bi, 6283, 6316-8, Dg, D„ 








6677. 


The diBfcribxition of metallic prominences was as follows : ~ 



o 

O 

1 

o 

1—1 

■ ir-20" 

21“- 30“ 

Mean latitude. 

1 

Extreme latitudes. 

North ; ... 

1 

11 

1 

16*8 

9 and 26-6 

South ... gg. . 

1 

li 

2 

171 

6 and 30 


FpiiWieen were on. the east limb and 13 on the west limb. 











195 


Displacements of the hydrogen lines, , 

Particulars of tlie displacements observed in tbe clxromospbere and prominences are^ given in the 
following table : — 


Table III. — Displacements oe hydbogen lines. 



Hour 

1 

1 Latitude. 


Displacement. 


Date. 



Limb. 



Remarks, 

I.S.T. 

North. 

South. 

Eed. 

Violet. 

j Both ways. 




1928. 

H, M. 

0 

0 


A. 

A. 

A. 


July 3 

9 29 

7 

14 

W 


0*5 


At base. 

4 

5 

8 38 

9 54 

12 

E 

E 

1*5 

1 

1*5 


To red at base ; to violet at top. 

At base. 

5 

10 22 

3 


E 

1 



At top. 

6 

10 22 


1 

E 


1 


At base. 

5 

10 25 


13 

E 

Slight 



At top. 

At base. 

5 

10 25 


15 

E 

05 


5 

8 50 


23 

W 


0*5 


5 

8 48 


15 

W 

1 



At top. 

5 

10 9 

27 


w 

Slight 



Do: 

6 

8 

11 40 

9 8 


8 
. 7 

E 

W 1 

0*5 

1 

0*6 


To red at base ; to -^dolet at top. 

At top. 

10 

9 7 

17 


E 1 


0*5 



10 i 

8 50 


78-5 

W 

0'5 



Do. 

10 

8 45 

20 


w 

1 



Do. 

11 

10 46 


18 

E 

1*5 

2*5 


To red at base ; to violet at top. 

At base. 

11 

10 50 


20 

E 

5*0 



11 

10 40 


28 

W 


0*5 


Do. 

15 

8 10 

86 


E 


Slight 


15 

8 40 

33 


E 


1 


At top. 

15 

8 40 

30 


E 

1 



At base. 

15 

8 42 

10 


E 

0*5 



Do. 

15 

8 22 


24 

W 


0*5 


15 

8 19 

4 

19 

W 


Slight 



19 

12 32 


E 


0*5 


At base. 

20 

14 10 

15 


W 

1 



At top. 

21 

8 20 

12 


E 


1 


Do. 

21 

8 30 

14 


E 

0*5 



At base. 

21 

10 26 


12 

W 

1 



At top. 

21 

10 24 


7 

W 


0-5 


At base. 

21 

8 15 

11 


w 


0*5 


Do. 

22 

8 50 

17 


E 


0*5 


Do. 

22 

9 6 


^ 61*5 

W 


1 


At top. 

22 

8 55 

12 


W 

1 



Do: 

22 

8 53 

29 


W 

0*5 



Do. 

28 

12 47 


16 

W 

1*5 

1 


To red at top ; to violet at base. 

24 

9 36 


47 

W 

0*5 



At top. 

24 

8 32 


17 

w 

0*5 



At top ; extends over 2^^ from 16“ to- 






i 



18°. 

24 

8 32 


13 

w 

1 

1-5 


To red at base ; to violet at top. 

25 

9 18 

16 


E 

1 



At top. 

25 

9 26 


19 

E 


P5 


At top } extends over 4° fi'om 17® to- 
21°. 

25 

9 26 


24*5 

E 

1 



At base j extends over 3" from 23® io 
26®. 

At top. 

26 

9 24 


28 

W 


1 


26 

9 54 

16 


w 

2 



DOr 

26 

9 20 

19 


w 

1 



Do, 

26 

9 6 

y‘5 


w 


1 


Do. 

29 

8 33 

71 


E 


0*5 


At base. 

29 

8 36 


8 

E 

1 



Do. 

29 

8 29 


18 

W 

\ 

0*5 


Do. 

29 

8 27 

13 


W 

Slight 1 



At top. 

30 

8 28 


14 

E 

1 i 



At base. 

30 

8 30 


34 

E 

f 

1 


At top. 

30 

8 33 


. 81 

E 

t 

Slight 


30 

8 23 


79-5 

W 

0*5 


At top. 

30 

8 20 

22 


W 


0*5 


31 

9 2 

13 


E 

1 



At top. 

31 

1 10 45 


23 

W 

2*5 

1*5 



2 
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- Displacement 



^ Be 

■ 

Yiolet. 

’ Both ways. 

UlVUltU i^Qi 


9 34 29 


September 2 


A 

At base. 

At top. 

Do. 

At base. 

At base. 

Do. 

At top. 
i^^Lt base 

At top ; extends over 3° from 13® to 16®* 
At top ; extends over 2® from 16® to 
18®. 

At top. 

At base. 

At top. 

At base.. 

Do. 

At top. 

Do. 

Do. 

Do. 

At base. 

Do. 

Do. 

At top. 

At top ; extends over 2® from 12® to 
14®. 

At base. 

At base ; extends over 2® from 22® to 
24®. 

At top. 

At base. 

At base ; extends oyer 6® from 22® to 
28®. 

At base j extends over 2" from 28® to 
26°. 

To red at top ; to 'vtiolet at base. 

At base ; extends over 8° from 16® to 
19®. 

At base ; extends over 8® from IX® to 
14®. 

Both at base* 

At base. 

Do. 

Do. 

At base. 

At top. 

At top. : 

At base. 

Do. 

At top. 

At base. 

At top'. 

Do. 

Do. ; 

Do. 

Do. 

At base. 

At top i extends over from 1® to BT, 
At top. i 

To red at base j to yicdet at top. 
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Date. 


1928. 

September 18 
18 
18 
18 

19 

20 
20 
21 
21 
21 
23 

23 

24 

24 

25 

25 

26 
26 
26 
26 
27 

27 

29 

29 

30 

30 

30 

30 

30 

30 

30 


October 


5 

6 
6 
6 

6 

7 

7 

7 

7 

8 
12 
13 
13 
24 
24 


Hour 

I.S.T. 


XI. M. 

8 44 

8 44 

9 vl 

8 38 

9 13 


25 

0 

37 

40 

45 


10 46 
10 58 
9 5 

8 45 

9 10 
9 28 
9 45 
9 43 
9 16 
9 15 
9 31 

9 30 
9 20 

8 55 

9 14 

9 35 
9 14 
9 14 

9 9 

9 8 

9 0 


29 

3 

8 

25 

7 


9 18 
9 27 

8 56 

9 46 
8 55 

8 50 

9 14 

8 52 

9 1 
9 2 

8 45 

9 6 
8 49 


12 

9 

17 

2 


10 24 
8 32 

8 34 
10 14 

9 55 


Latitude. 


North JSoutli, 


Limb. 


17 

23 

11 

13 

12 

18*5 

1 

78-5 


0-5 


60 


7*5 

56*5 

18, 

15 

17 

83 

34*5 


. 1 
11 
Equatl 
15 ^ 

9 


70 

18 

5 

26 

13 

18-5 


17 

20 


15 

56'5 

12 

15 

15 

12 

19 

23*5 

21*5 

15 

12*5 

24 


30 

30 

27 

20'5 

11 


24 


19 

19 

16’5 


or. 


2*5 


33 

8*5 

15 

40 


E 

E 

W 

W 

w 

E 

w 

E 

E 

E 

E 

W 

E 

W 

W 

w 

E 

E 

W 

W 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

E 

E 

E 

W 

W 

E 

E 

W 

W 

w 

w 

E 

w 

E 

E 

E 

E 

E 

E 

E 

E 

W 

W 

E 

E 

W 


Displacement. 


Bed. 


1-5 

1 

1 


1 

0*5 

1 

0*5 

1 

Slight 

3 

Slight 


3 

6 

5*6 

0*5 


1*6 


0*6 

0*6 

0*6 

1'5 

3 

5*5 


Blight 

1*5 

1 

2 


0*5 

0*5 

Slight 

Do. 

1 

1*5 


Violet . 


Both ways. 


A. 

0*5 

0*5 

Slight 


Slight 

Do. 


0*5 

0*5 

1 


1*5 

1*6 

Slight, 


A. 


Slight 


Slight 


2*5 


1 

2*6 

1 


1-5 

3*6 


1*5 

0*6 

2 


1 

Slight 


Slight 


Remarks. 


At top. 

At base. 

To red at top ; to violeD at base. 
At top. 

At base. 


At top. 

At base. 

Do. 

At top. 

Do. 

At base. 

To red at top j to violet at base. 

Do. 

At top. 

To red at top ; to violet at base. 

At base. 

At top.' 

Do. 

At top ; extends over 2'* from 14® to 
16 . 

At top. 

At top ; extends over 2° from 23® to 
25 . 

At top. 

At base ; extends over 2'’ from 29'^ to 
31®, 

Extends over 2® from 29® to 31®. 

At base. 

At topj extends ;over 3® from 19® to 
22 . 

At base; extends: over 2® from 10® to 
12 ®. 

At ; base extends over 2® from 8® to 10®, 
At base. 

At top. 

To violet at top; to red at base. 

At top. 

Do. 

Do. 

Do. 

At base. 

At top ; extends over 2® from 18® to 20®. 
Do. 

At top ; extends over 3® from 15® to 
18®. 

At top ; extends over 2° from 0® to 2®. 
At top. 

At base. 

Do. 

At middle ; extends over 5° from 0® to 
6 ®. 

At top. 

At base. 

At top. 

Do: - 

At base. 

At top. 

At base. 

At top. 

To violet at top; to red at base. 

At base. 
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Date. 

HoTir 

Latitude. 

I>S.T. 

Ifl’orth. 

South. 

1928. 

H. M. 

o 

■ o' 

October 25 

io 4 


23 

25 

9 54 


0-6 

28 

•10 0 

16 


28 

9 31 

25 


29 

10 6 

19 


29 

10 5 

16*6 


29 

10 30 

15 


29 

10 30 

17 


29 

10 30 

19 


30 

11 8 

14 


30 

11 17 

13 


30 

11 18 

18 


30 

: 10 56 


44 

30 

11 45 


26 

30 

12 0 

15*6 


30 

12 0 

15 


30 

12 0 

18 


30 

11 31 

75*5 


31 

9 42 


35 

31 

10 40 


29 

jifeYember. 2 

9 15 

’ . 

14 

2 

9 17 


26 

3 

10 27 


4 

.a 

9 68 


8 

3 

9 58 


9 

'a 

9 68 


13 

3 

9 58 


20 

c- '^-.a. 

10 0 i 


13 

3 

9 47 


46 

: : - 8-, 

n 25 


23*5 

8 

11 38 


8 

g-: 

11 30 

4 


17 

10 60 

6 


18 

8 57 


68 

19 

8 58 

25 


26 

9 22 

60 


25 

9 14 


29 

25 

9 12 


55 

28 

10 8 

26 


December 2 

9 24 


49 

• 6. 

9 42 

68 


6 

9 50 

20*5 


... . a 

10 5 


11 

6 

9 23 

28 


10 

8 52 

“35 


10 

9 12 

19 


10 

9 17 

16 


10 

9 26 

•15 


11 

8 52 

19 


12 

14 62 

4 


13 

11 67 

30 


13 

11 68 

27 


13 

11 68 

26 


14 

10 53 


14 

15 

10 61 

36 


15 . 

11 10 


52 

• . 16- 

10 38 


14 

■ ...15'' 

10 32 


10 

T."' -- 16 

10 26 

•6 



^ i9 19 


32 


liimb. 

Displacement 

• 

Remarks. 

Bed. 

Violet. 

Both ways. 


A. 

A. 

A. 


W 


1 


At base. 

W 


2 


Do 

W 

2 

1 


To red at top ; to violet at base f 





extends over 2“ from 14° to 16°. 

W 

1-6 



At top. 

E 


0-5 


Do. 

E 


2 


At top. 

W 


1 


At base. 

w 



0*6 

At top. 

w 


1 


Do. 

E 


1 


Do. 

E 

1 



At base. 

E 


1 



E 


SHght 


At top. 

W 


1 


Do. 

W 

1*5 



At top 1 extends over 3° from 14° to 

w 


2 


X f ■ 

At base. 

w 

1 



At top. 

w 

1 



At base. 

w 

1 



At top. 

w 

1 



Do. 

E 

1*6 

2 


To violet at base. 

E 

Blight 



At base. 

E 

1 



At top. 

E 


1 


Do. 

E . 

1 



At base. 

E 

1*6 



Do. 

E 


1 


At top. 

B 

3 

1 


To violet at base. 

E 


1 


At top. 

E 



Slight 

Do. 

W 

Slight 



Do. 

w 

1*6 



Do. 

B 


1“ 


Do.. 

W 


1 


Do. 

■E ' 


0*6 . 


Do. 

E 


Slight 


Do. 

B 


1 


Do. 

E 


1 


Do. 

W 

1 



Do. 

W 


Slight 


At base. 

E 


1 


At top. 

E 

E 

2 

0*6 

1 

To red at top j to violet at base. 

W 


Slight 



E 


dS. 


At base. 

E 

2-5 



Do. 

E 

1 



Do. 

E 

2 



Do. 

B 

1*6 

1 


To red at base ;,to violet at top. 

W 

1 



At base. 

E 

1 



Do. 

E 

1 



At top. 

E 

2 



Do. 

W 


1 


Atbae^. 

E 

1 



Do; 

E 

1 



Do. 

W 

w 

1 

1 


At top. 

Do. 

w 


1 


Dor. 

w 

0*6 



At base. 
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Date. 

Hour 

LS.T. 

Latitude. 

Limb. 

Displacement. 

Remarks. 

North. 

South. 

Red. 

Violet. 

Both ways. 

1928. 

H. M. 

0 

o 


A. 

A. 

A. 


December 16 

9 16 

43 


W 

1 ' 



At top. 

18 

9 3 

18 


E 

0-5 



Do 

18 

9 7 

1 


E 

1 



Do. 

18 

9 9 

1 

10 

E 


1 


Do. 

19 

8 


10 

W 

1 



Do. 

19 

8 50 

1 67 


W 


Slmht ’ 



20 

11 22 


46 

E 


Do. 


At top 

20 

11 45 


22 

W 

1 



Do. 

21 

9 14 


13 

E 

1 



At base. 

21 

9 8 


16 

W 


1 


At top. 

21 

9 4 

21 


W 

Slight 




22 

9 55 

39 


E 


1 


At top. 

22 

9 49 


6 

E 

1 

1 


At base. 

22 

9 49 


9 

E 

1 



At top. 

23 

9 7 

6 


E 

Slight 



At base. 

23 

8 53 

67 


W 


Slight 


Do. 

24 

9 11 

36 


E 

0*5 



Do. 

24 

9 6 


21 

W 

1*5 



At top. 

24 

8 67 

17 


W 

0*5 



Do 

31 

9 32 

13 


E 

0‘5 

1 


At base. 

31 

9 12 

56 


W 

1 



Do. 

31 

8 57 

63 


W 

Slight 




31 

8 52 

78’5 


w 



Slight 



The total rnamher of displacements was 281 as against 786 in the previous half-year and their distribution 
■was as follo-ws 


Latitude. 


North. 

South 

Equator . . , 

... • • * 

1 

... 

1°— 30“ ... 

• • * ... ... 

119 

113 

3l°— 60° ... 

. * • ... • • • 

17 

17 

61°— 90® ... 

... 

9 

5 


Total 

1 145 

135 

East limb ... 


• • ♦ 

144 

West limb ... 





137 



Total ... 

281 


Beversals and displacements on the Sun’s disc. 

Three hundred and twenty-nine bright reversals of the Ha line, 300 dark reversals of Da line and 
S9 displacements of the Ha line were observed during the half-year. Their distribution is given below : — 



North. 

South. 

East. 

West. 

Bright reversals of Ha ... 

... 184 

145 

170 

159 

Dai*k reversals of Ds 

... 170 

130 

155 

145 

Displacements of Ha ... 

... 67 

32 

52 

47 


Sixty-eight displacements were towards the red, 29 towards the violet and 2 both ways simultaneously. 
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Eruj^tive prominence. 

The highest prominence ever recorded at Kodaikanal -waa photographed during the period under review 
by the Director, Dr. T. Royds, on the 19th November 1928 and had reached a height of 20''9 or 910,000 kmfl. 
when clouds intervened. The successive photographs of this remarkable prominence showed the whole mass 
to be rising from the Sun’s surface with an accelerating speed. The velocities in the lower parts of the 
prominence were 60 — 70 kms. and in the higher parts 100 — 170 kms. and increased with time. 


Prominences projected on the disc as al)S 07 ption markings. 

Photographs of the Sun’s disc in Ha light were available from Kodaikanal and the co-operating 
observatories for a total of 176 days, which were counted as 169i effective days. The mean daily areas of Ha 
absorption markings (corrected for foreshortening) in millionths of the Sun’s visible hemisphere and their mean 


daily numbers are given below : — 

Mean daily 
areas. 

Mean daily 
numbers. 

North ... 

... 1,999 

141 

South ... , ... 

... ... 2,783 

16-6 

' ' ■■ - ■ . ^ 

Total ... 4,782 

30-7 


— — 

— 

The above show an increase of about 28 

per cent in areas and an increase 

of 4 per cent in numbers 

compared with the previous half-year. The preponderance of activity in the 
continues in contrast to the northern preponderance of prominences at the limb. 

sonthern hemisphere still 


For comparison with bulletins issued prior to the co-operation of other observatories, the means based on 
Kodaikanal photographs alone are also given, 140 days of observation being reckoned as 126i effective days. 



Mean daily 

Mean daily 


areas. 

numbers. 

North (Kodaikanal photographs only) 

1,900 

12-18 

South ( do. ) 

... ... 2,701 

14-90 


Total ... 4,601 

26-08 


The distribution of the mean daily areas in latitude is shown in the foll^ diagram. The 
maximum activity which persisted within the zone 10° to 20° in the previous half-year has now considerably 
shifted towards the poles, the zones of maximum activity now being 25° to 35° in the northern and 20° to 30^ 
in the soudiern hemisphere as is seen from the diagram. 




The excess of activity with regard to areas and numbers still persists in the western hemisphere, the 
percentage east being 49 00 for areas and 49*86 for numbers. 

Thanks are due to the co-operating observatories for the photographs supplied by them. 


The Obsbevatory, Kodaikahal, 
8th Aiigust 1929, 


A. L. NARAYAlSr, 
Assistant Director, 


Pkice, 8 annas* 


MADKAS : PRINTED BY THE SUPERINTENDENT, GOVERNMENT PRESS— 1929. 
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BULLETIN No. LXXXVII. 


SUMMABT OF PEOMINENCE OBSERVATIONS FOR THE FIRST HALF 

OF THE YEAR 1929. 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the 
International Astronomical Union, all observatories taking spectroheliograms of the sun have been asked to 
co-operate with the Kodaikanal Observatory by supplying copies of their photographs on those days when 
the Kodaikanal records are imperfect or wanting. In response to our requirements for the first half of the 
year 1929, the Mount Wilson Observatory supplied prominence plates for 10 days and Ea disc plates for 11 
days ; Meudon Observatory supplied Kb disc plates for 20 days and Ha disc plates for 17 days ; the Pitch 
Hill Observatory (Mr. Evershed’s) at Ewhurst, Surrey, England, supplied six prominence plates and eight 
Ra disc plates ; and the Yerkes Observatory supplied two prominence plates and six Ha disc plates. 

When only incomplete or imperfect photographs for any day are available from more than one obser- 
vatory, the best photograph is chosen as representing the solar activity of that day after weighting it according 
to its quality, and the remaining photographs are ignored. 

The mean daily areas and numbers of prominences during the half-year are given below. The means 
are corrected for incomplete or imperfect observations, the total of 177 days for which plates were available 
being reduced to 160| effective days. 





Mean daily areas 

Mean daily 




(sqnai’e minutes). 

numbers. 

North 

... 

... 

2-46 

713 

Soxith 

... 

... 

2-52 

7'48 




Total ... 4‘98 

14-61 


Compared with the previous half-year areas show a decrease of about 27 '2 per cent and numbers a 
decrease of about 15*3 per cent. The southern hemisphere has now begun to exhibit a slight predominance 
of activity over the northern. 

For comparison with . bulletins issued prior to the co-operation of other observatories, the means based 
on Kodaikanal photographs alone are also given, 162 days of observation being counted as 149 effective days. 



Mean daily areas 

Mean daily 


(square minutes). 

numbers. 

North (Kodaikanal photOf?raphs only) ••• 

2'55 

7-49 

South ( do. ) ••• 

2-58 

7-74 


Total 513 

15-23 
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The distribution of prominences in latitude is represented in the following diagram, in wliich the full 
line gives the mean dailyareas and the broken line the mean daily numbers for each zone of 5° of latitude. The 
ordinates represent tenths of a square minute of arc for the full line and numbers for the broken line. Com- 
pared with the previous half-year the diagram shows Some slight changes in the distribution of activity in 
the various zones. Intiie northern hemisphere the high peak of activity in the region 25^— 35“, is now 
confined to the zone 25°— 30°, the minor peak near 50° has moved 5* towards the equator and the activity in 
high latitudes has practically disappeared. In the southern hemisphere the distribution is move uniform in 
low latitudes and the activity in high latitudes has become less marked and shifted 5“ downwards. 



The monthly, quarterly and half-yearly areas and numbers, and the m^tt height and mean extent of the 
prominences on photographs from all co-operating observatories are given in Table I. The unit of area is 
1 square miuute of are. The inean height is derived by adding together the greatest heights reached by 
individual prominences and dividing by the total number of prominences observed ; the mean extent is dei’ived 
by adding together the lengths of the base on the chromosphere of individnal prominences and dividing by 
the total number of prominences. 
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Table I. — Abstbact fob the fiest half of 1929. 


Months. 

Number 
of days 
(etfective). 

Areas. 

Numbers. 

Daily Means. 

Mean 

height. 

Mean 

extent. 

Areas. 

Numbers. 

1929. 






ff 

o 

January 

m 

216-2 

538 

7*1 

17*8 

351 

5*7 

February 

Mh 

152-8 

431 

6*2 

17-6 

33- 1 

6*1 

March 

31 

197'7 

405 

6*4 

131 

40*5 

7*0 

April 


97*2 

411 

3*7 

15 5 

347 

4*6 

May 

27i 

78*8 

329 

2*9 

12*1 

36*1 

6*7 

June 

2H 

57'5 

254 

2*7 

12*0 

38*1 

4*9 

First quarter 

85? 

665'7 

1,374 

6*6 

160 

36-1 

6*2 

Second quarter 

75 

233*5 

994 

3*1 

13*3 

36-0 

5*0 

First half-year 

160J 

799*2 

2,3G8 

5*0 

14:8 

36*0 

5*7 


Distribution east and west of the Sun’s axis. 

As in the previous half-year, both areas and numbers showed an excess at the west limb compared with the 
east limb as will be seen from the following table : — 



1929 January to June. 

East. 

West. 

Percentage East. 


Total number observed 

1,164 

1,204 

49*2 


Toltal areas in square minutes 

387*4 

411*9 

48*5 


Metallic prominences. 

Torty-seveii metallic prominences were observed during the half-year. Their details are given below : — 
Table II. — List of metallic pj.iominences obsbbvbd at Kodaikaual, Januaby to June 1929 . 


Date. 

T-Tnnr ■ 

Base. 

Latitude. 

Limb. 

Height. 

Lines. 

X.B.T. 

North. 

South. 

1929. 

January 4 

H. M. 

8 50 

0 1 
2 

0 

8 

o 

W 

. 10 

4924*1, 6016, 5018*6, b^, b^, b^, bi, 5234*8, 5276*2, 
5316*8,5363*0, D„,Di. 

4924*1, 5018*6, b*, tfs, h, In, 5316*8, D 2 , Dx. 

6 

9 18 ' 

5 

9f) 


W 

20 

12 

10 33 

1 


30*5 

w 

10 

5018*6, b^, bs, b2, bx, Da, Di. 

13 

9 12 

2 


32 

w 

20 

j 

5018*6, bi, ba, ba, bx, 6316*8, Da, Dj, 6677. 


1-A 



m 


Date. 





Latitude. 


Hour 

SsiBe. 




LS.T. 

North. 

South. 



H. H. 

0 

0 

0 

15 

9 10 

4 

19 


18 

10 25 


6 


20 

9 46 

to 

10 


11 

9 9 

1 


13*5 

13 

9 46 

6 

7*6 


16 

10 16 

2 


7 

18 

9 11 

3 


10*6 


9 30 

1 


8*6 


10 9 



5 

24 

9 10 

4 


32 

24 

9 5 

a 


13-6 


8 59 

3 

32*6 


25 

9 13 

3 


16*5 

2 

9 7 

■ 1 


8*6 

2 

9 50 

3 

7*5 


4 

9 7 

4 


. 9 

5 

9 18 

2 

27 


6 

10 58 

3 

13*6 


8 

9 64 


26 


8 

9 10 

1 

12*6 


17 

9 12 

3 

24*5 


18 

8 68 

3 

28-6 


18 

8 61 . 

3 


3*5 

18 

9 15 

5 


10*6 

19 

9 4 

3 


15*6 

22 

8 50 

7 


9*6 


9 17 

5 


11-6 

1 

8 68 

3 


11*6 

3 

8 61 

5 


12’5 

4 

10 56 

1 

11*6 

12 

9 5 

3 

13'6 


13 

9 25 

1 


11*5 

16 

10 20 

2 

15 

19 

9 0 

4 

6 



8 5 

4 

20 


24 

10 9 

4 

5 


28 

29 

9 8 

8 60 

4 

6 

20 

5 

8 40 

2 

11 


s 

8 60 

4 . 

19 


16 

9 6 

1 


7*6 

16 

9 10 

'■ y ■ 


11*5 

27 

10 7 



14*5 


Limb. 


Height. 


Lines. 


1929. 

January 


March 


April 


May 


June 


W 

E 

B 


W 

W 

w 

E 

W 

E 

W 

E 

W 

E 

W 

E 

E 

W : 

E 

W 

E 

E 

E 

W 

E 

E 

B 

W 

E 

W 

W 

E 

E 

E 

E 

W 

E 

W 

E 

W 

W 

w 

w 


26 

20 

10 

10 

10 

10 

10 


20 

16 

80 

26 


10 


26 

20 

10 

16 

10 

20 

16 

20 

16 

26 

20 

26 

20 

20 

16 

16 

10 

20 

20 

30 

16 


16 

20 

15 

10 


4924*1, 6016, 6018*6, b*, b3, b„ bi, 6234*8, 6270*0, 
6276*2, 6316*8. 6363*0, D., Di. 
bi, bs, b2, bi, 6316*8, Dg,, Di, 6677, 7066. 

4924*1, 6016, 6018*6, 6048, bi, b„ b,, bi, 5234*8, . 

6276-2, 631 6'8, 6368-0, D., D„ 6677. 70&. 

4924-1, 5018-6, b., b„ b^ bi, 6234-8, 6276-2, 6316-8- 
5363-0, De. Di, 6677, 7066. 

4922-0. 4924-1, 6016, 6018-6, b., b,, ba, b,, 6197-6, 
6234-8, 6-276-2, 6316-8, 6363-0, D., D„ 6677, 7(K!6. 

.6016. 6018-6, bi, b,, ba, b^, 6284-8, 6276-2, 6316-8, 
6363-0, D., rii, 6677, 7066. 

6018-6, bi, ba, ba, bi, 6276-2, 6316-8, D*. D„ 6677. 

4924-1, 6018-6, bi, b., ba, bj, 6284-8, 627(3-2,6316-8, 
5363-0, Da, D,, 7066. 

49^-1, 6016, 6018-6, b*. b„ ba. b,, 6234-8, 6270-2, 
6316-8, 6363-0, Da, Di, ^77, 7065. ■ 

6018-6, bi ba, ba. bi, 6276-2, 6316-8, 6363-0, Da, Pj. 
4924-1, 6018-6, bi,b„ba, b., 6234-8, 6270, 6276-2, 
6816-8, 6363-0, D,, D,, 7066. 

6018-6, b*. b„ ba, bi, 6234-8, 6276-2, 6316-8, D„ D^. 
4924-1, 6016, 6018-6, b*. b„ b„ b„ 6234-8, 6270-(), 
5276-2, 6316-8, 6363-0, D,, D., 6677, 7066. 

49W-1. 6016, 6018-6, bi, b„ b., bj, 6234-8, 6276-2, 
5316'8, 6368*0. 
bii 6i, Da, bj, Da, D,. 

'‘'ll’ *»*■ 5234-8, 6276-2, 

, 5316-8, 6368;0, D., D„ 6677, 7066. 

5018-6, bi, ba, ba,, bi, 6276-2, 6816-8, D,, D,. 

6018*6, bi, b„ ba, k 6276*2, 6816*8, Da, 

5*1 5»’ 5«. k 5238*0, 6276*2, 
^6316-8, Da, D,. 6677, 7666. 

501f6,^bi,b., ba, b„ 6276*2, 6316*8, D„ Di. 
k 527fe'2. 6316*8,' D*. D ’ 

49^*1, 6018-6, bi, b„ ba, bi, 6276-2, 6816*8, 6368*0, Da. 

b„ b„ 6284-8, 6270-0, 
6276*2, 6316-8, 6868-0, D„ Di, 067!, 7066. 
bi, ba, ba, bi, 6816-8, Da, D.. 

49^-1, 6018-6, 61^-0, bi, b,, ba, bj, 6198, 6270, 6863-0, 

JUj, Di, t)o77* 7066a 

4924-1, 6018-6, k b„ ba, ba, 6234-8, 6276-2, 6.316‘8, D., 
Di, dd77, 

^4-1, W18-6, bi, ba, k k, 6276-2, 6816*8, Da, Di. 

52i§ ?- k k 5816-8. Da, Di. 

4924*1, M18-6, k k, ba. k, Da.D j, 6677, 

Kmt J’ V ®L®> k > 5288. Da, Dj, 6677. 

^18 ®. k k, k, k 6284*8, 6276*2, 6816-8. D,. Di. 
5018-6, bi,ba, k, bi, 6284-8 6270*2, 6316-8, 6808-0, Da, 

d677, 

6018-6, bi. k k ba, 6284*8, 6316-8. Da. D. 

5B76-2, 6316-S. 

lQoi5’KSi!lKJ’i^J’'.Lk.**>-5276*2jJ8l6*8, Da, D,. 
^^63^’-0^Df Da® ®’ k 

49^ 5018-6, k kj k k, 5816-8, Da, Di, 6677, 
49341, 6Cfl8-6, k k, bla, 4,, Di, 6677. 
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The distribution of metallic prominences was as follows : • 


110^20° 2r~30° 3r--40^ | Mean latitude. 


Extreme latitudes. 


^ ^ I 12-6 5° and 32“ *5 

” 1 2 13.6 r-5and32» 

— — I ^ 

Twenty-three were on the east limb and 24 on the west limb. 

. Displaceinents of the hydTogen lines. 

Particulars of the displacements observed in the chromosphere and prominences are given in the 
following table : — 


Table III.— Displacements oe the hydrogen lines, January to June 1929. 


Januaiy 


Hour 

Latitude. 


Displacement. 

I.S.T. 

North 

South 


Red. 

Violet. 

Both ways. 

H, 

M. 

o 

o 


A. 

A. 

A. 

9 

5 

64 


w 

0-5 



9 

20 

21 


E 

1 



9 

11 


6 

W 

0‘5 


9 

8 

38 


W 

1 


9 

6 

64 


W 


0'5 


8 

58 


20 

E 

0-5 


8 

50 

9 


W 

1 



9 

47 


26 

w 

1-5 

1 


9 

44 

11-5 


w 

1 



9 

42 

17*5 


w 

1 



8 

53 

42 


E 


0*5 


9 

18 

11 . 


W 

2-5 



9 

18 

8 


W 


1-5 


11 

13 


18 

E 

0*5 


11 

6 

6 


W 

1 



11 

33 

45 


E 

1 



13 

41 

50 


E 

1-6 



13 

13 

44 

37 

35 

58 

E 

W 

1 


Slight 

11 

0 

7 


W 


1 


10 

10 

55 

1 

44 

56*5 


w 

E 


Slight 

2 

9 

55 

22 


E 

1 



9 

9 

31 


78 

E 

1 



2 

36 


W 


0*5 


9 

22 

10 


E 

0-5 


9 

56 

10 


E 



] 

10 

23 


10 

'E 


1 


10 

34 


18 

E 

1 



9 

46 


27 

W 

1 



9 

27 

16 


W 

Slight 



9 

24 

54 


W 

Do. 



10 

10 

29 


E 

1-5 



9 

49 


41 

W 

1 



9 

49 


37 

w 

0*5 



9 

39 


12 

w 

1 



9 

35 

9*5 


w 

1 



9 

10 

10 

20 

42 

15 


w 

E 


SHght 

10 

18 

6 


E 

1'5 

2 


9 

9 

20 

48 

45 

12 


W 

E 


1 

Slight 


Remarks, 


At top. 

In chromosphere. 

At base. 

At top. 

At base. 

Do. 

At top. 

To red at top : to violet at base. 

At top. 

Do. 

At base ; extends over 6® from 39® 
to 45®. 

At top. 

At base. 

Do. 

At top. 

Do. 

Do. 


At base ; extends over 2® from 6® to 8*. 
At base. 


At top. 




Latitude. 


North. South. 



January 


February 1 
6 


10 8 10 

9 47 4 

9 43 

9 30 

9 46 14 

9 46 11 

9 29 

9 21 10 

9 26 20 

9 26 67-6 


9 46 16 

10 7 16-6 

10 6 42 

10 16 

9 18 29 

9 20 20 

9 2 

12 11 18 

12 4 

. 11 0 

10 50 21 

10 46 46J5 

10 47 32 

10 48 26*5 

10 18 8 

9 35 12 

9 16 13-6 

11 62 17*6 

11 62 18 

11 0 

10 5 

10 10 

11 17 3 

9 47 

9 46 

8 47 

8 47 

9 29 .24*6 

9 41 


E 

85 E 

4 E 

10 E 
W 

11 E 

14 E 

11 E 

16 E 

E 

35‘6 E 


16 9 51 

16 9 61 

16 9 40 


At top. 

Do. 

Do. 

In ohromosphore, 

At base. 

At top. 

At base. 

Do. 

At top. 

At base. 

Do. 

To red at top ; to violet at base. 

At base. 

At top. 

Do. 

Do. 

Do. 

Do. 

Do. 

Th chromosphere. 

Do. 

At top. 

At base. 

To violet at base. 

At base. 

At top j extends over 7® from 43“ to 50". 
At top. 

At base. 

Do. 

At top. 

Do. 

At top s extends over 3“ from 16" to 
19". 

At top. 

At top. 

Do. 

To red at top ; to violet at base. 

At top. 


At base i extends over 3" from 34® to 
37". 

At base. 

Do. 

At base. 

At top, 

Atbase^ 

Do. 

Do. 

At top. 

At base. 

1 ) 0 . 

At top. 

At base. 

No prominence. 

At top. 

No prominenee. 

At top ? extends over 7“ from 10" to 
17". 

At top. 

Both at top. 

At top. 


5 
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Date, 

Hour 

LS.T. 

Latitude. 

Limb. 

Displacement. 

Hemarks, 

North. 

South, 

Bed, 

Violet. 

Both ways. 

1029. 

II. M. 


0 


A. 

A. 

A. 


February U> 

10 14 


44 

W 


0*5 


No prominence 

1() 

10 16 


14 

W 


2 


At top. 

1(5 

10 16 


7 

w 


2 


The whole prominence from 6° to 8” 









was displaced j displacement seen in 

17 

0 46 

15 


L 

1 



D 2 , Di, Ds and bs, b 2 , b^. 

18 

9 13 

25 


E 

1 



At top. 

18 

0 8 

10 


W 

Slight 



Do.^ 

10 

8 50 

48 


E 

a*5 

1*5 


To violet at top j to red at base. 

19 

9 13 


44 

E 

0*5 



At base. 

10 

9 2 


54 

W 


1 


At top. 

10 

8 55 


12 

W 


0*5 


At base. 

20 

0 25 


6 

E 

1 



At top. 

20 

9 25 


3*5 

E 


0*5 


Do 

20 

9 25 


16 

E 

0'5 



No prominence. 

20 

10 9 


5 

W 

1 



At top. 

21 

9 53 

4 


E 


1’5 


At base. 

21 

9 10 

6 


W 

3 

1 


Both at base. 

22 

9 36 

1D5 


E 

1 



At base. 

22 

9 17 


1*5 

W 



1 

Do. 

22 

9 15 

5 


W 

Slight 

1 


To violet at base. 

22 

9 7 

50*5 


w 

Do. 



At top. 

23 

9 57 

36*5 


E 


2 


At base. 

23 

9 39 


6*5 

E 


1 


Do. 

23 

9 39 


86 

E 

1 



At top. 

24 

8 55 

49*5 


E 


Slight 



24 

8 53 

17 


E 


1 


At top. 

24 

9 5 


14 

W 


1*5 


Do 

25 

8 50 

32 


E 


0*5 


At base. 

25 

8 48 

19 


E 

0-5 



At top. 

26 

9 2 

38 


E 


0*5 


At base. 

26 

9 2 

23-5 


E 

1*5 



At top. 

27 

9 24 

12 


E 


2 


Do. 

28 

9 35 


10 

E 

0‘5 



At base. 

28 

1) 13 

' 10*5 


W 



0*5 


March 1 

9 25 

58 


E 

2 



At top ; extends over 4“ from 56“ to* 









60“. 

1 

9 7 

8 


W 

0*5 



A.t base. 

2 

9 7 


8*6 

E 

3 

2 



3 

9 53 

46*5 


W 

1 



At top. 

4 

8 51 

59*5 


E 

0*5 



Do. 

4 

9 7 


9 

E 

1 

2*5 


To red at base ; to violet at top, 

4 

9 12 


13 

E 


0*5 


At top. 

4 

9 2 


4 

W 


Slight 


At base. 

5 

9 23 

69 


E 

Slight 



At top. 

5 

9 7 


7 

E 

0% 



At base. 

5 

9 28 

39 


W 

1*5 



At top. 

5 

9 28 

38*5 


w 


1 


At base. 

5 

9 25 

82*5 


w 


Slight 


No prominence. 

6 

10 14 

14 


E 

1 



At top. 

6 

11 8 


23 

w 

1 



Do. 

6 

10 45 

8 


w 

1-6 

1 


To red at top ; to violet at base. 

6 

10 58 

13 


w 

0*5 



At top. 

7 

9 18 

25*6 


E 


0*5 


No prominence. 

7 

9 25 

12 


E 

1*5 



At top. 

7 

9 32 


11 

E 

2 



Do. 

7 

8 55- 

18 


W 

0-6 



Do. 

8 

9 54 

26 


E 

0*5 



Do. 

8 

10 16 


65*5 

E 


1 


Do. 

8 

9 4 

125 


W 

2 



At base. 

8 

8 54 

265 


w 

1*5 



Do. 

10 

8 48 

78 


E 


Slight 



10 

9 0 


^ 53*5 

W 

Slight 



At top. 

12 

9 38 

10 


E 

0% 



At base. 

12 

8 44 

33*5 


W 

Slight 



At top. 

13 

8 59 

65 


E 


Slight 
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Latitude, 


North. South, 


Displacement, 


Violet . Both ’ 


ttemarks. 


10 0 
10 8 
10 6 
9 35 


At top. 

At base. 

To red at top ; to violet at base. 
At top. 

Do. 

At base. 

Do. 

Do. 

At top. 

Do. 

To red at topj to violet at base. 
At top. 

At base. 

At top. 

Do. 

At top. 

Do. 

Do. 

Do. 

Do. 

At base. 

At top. 

At base. 

At top. 


At base. 

At top. 

At base. 

Do. 

Do. 

No prominence. 

At base. 

At top. 

Do. 

Do. 

Do. 

At top. 

At base. 

Do. 

At top. 

Do. 

At base. 

At top. 

Do. 

At base. 

At top. 

Do. 

At base. 

Do. 

Do. 

At top. 

Do 

Do. 

To red at top ; to violet at base. 
At top. 

I At base. 

At top. 

Do, 

At base. 

At top. 

Do 

Do, 

Do, 
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Hour 

Latitude. 


Displacement. 


Date. 




Limb. • 



Remarks, 


IS.T, 

1 

STortli S 

South. 

Red. 

Yiolet. 

Both ways. 




1929. 


IT. M, 

o 

0 


A. 

A. 

A. 


April 

13 

13 

9 10 

9 12 

69*5 

49 5 


E 

E 


1 

1 

At top. 


13 

9 25 


11*5 

E 

2*5 





13 

9 00 


9'5 

W 


Slight 


At base. 


13 

8 52 

26*5 


W 

Slight 


At top. 


13 

8 41 

77*5 

12 

W 

Slight 


At base. 


14 

9 34 

46*5 

w 

1 


At top. 


16 

8 57 


E 


1 


At base. 


15 

9 3 


7 

W 

1 



At top. 


16 

10 2 

23 


E 

1 



Do 


16 

10 20 

l5 


E 


0’5 


At base. 


18 

9 41 

83*5 


W 

Slight 



Do. 


19 

9 00 

6 


E 

1 



At top. 


20 

8 5 

15 


E 


1 


At base. 


20 

9 7 


13 

E 

0'5 



Do. 


21 

8 51 

21 


E 

1*5 



Do. 


22 

11 30 

3 


W 

1 



At top. 


24 

10 9 

2 


W 


0*5 


At base. 


24 

26 

10 9 

6 


w 

15 

0*5 


To red at top ; to violet at base. 


9 8 

3 


w 

2 



At top. 


26 

9 8 

6 


w 


1-5 


At base. 


26 

9 7 

18*5 


w 

Slight 



At top, 


27 

10 10 

16 


E 

1 



Do, 


27 

10 18 


11 

E 


2 


Do. 


28 

9 8 


20 

E 

1*5 



At base. 


28 

9 10 

6 

28 

E 

1 

1*6 


To red at base ; to viohst at top. 


29 

0 0 


E 

1 




29 

8 52 


13 

E 

; 0-5 . 



At base. 


29 

8 50 

7 

11 

W 

1 

0*5 


To red at top ; to violet at base. 


30 

8 f)0 


E 

1*6 

1 


To red at base ; to violet at top. 


30 

8 46 


78'5 

W 


0-5 


At base. 


30 

8 43 


9 

W 


1 


1 Do. 


30 

8 41 

16 


W 

1 



At top. 

May 

1 

8 36 

49 


w 


Slight 


At base. 

5 

8 38 

35 


E 

T 


.At top 


5 

8 40 

16 


E 

1-5 



At base. 


5 

8 40 

12 


E 


1*5 


At top. 


6 

8 40 

6 


E 

1 



At base. 


6 

9 10 

9 


E 

0*5 



At top. 


7 

8 34 

S 


W 


0*5 


At base. 


8 

8 66 

7 


E 

0*5 



Do. 


8 

8 45 


26 

W 

6 

0*5 


To red at topj to violet at base. 


10 

9 37 


14*5 

W 

1 



At top. 


10 

9 27 

18 


w 

Slight 



At base. 


13 

9 15 

1 


E 

0-5 



Do. 


13 

9 15 


4 

E 


1 


At top. 


14 

8 53 

33 


E 


Slight 


At base. 


14 

8 68 

23 


E 

1 


Do. 


14 

8 69 


1 

E 

0*5 



Bo. 


■ 15 

8 42 

45 


E 


1 


Do. 


15 

9 2 


26 

W 

1 

0*5 


To red at top ; to violet at base. 


15 

9 0 


16 

W 

I 



At top. 


16 

9 4 


7-5 

W 

1 





16 

8 41 

24*5 


W 



Slight 

At top. 


17 

9 24 

87’5 


w 


Slight 



18 

8 64 


4 

w 

Slight 


At top. 


18 

8 47 

5l\5 


Yv 

1 

0-6 


To red at base ; to violet at top. 


19 

9 16 

25 


B 

0*5 



At top. 


20 

9 22 

46 


E 

0*5 



At base. 


21 

8 44 

36 


E 

1 



Do. 


21 

8 34 

9 


W 

Slight 



Do. 


22 

8 46 

14 


E 

1 



Do. 


24 

9 18 

70 


W 

Slight 



Do, 


25 

10 22 

11 


W 


1 

Do. 


25 

10 21 

19 


W 

1 

0-6 


To red at top ; to violet at base. 


25 

10 17 

59 


w 

0-5 

1 ■ ^ 

1 

At top. 
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The total number of displacements was 348 as against 281 in the previous half-year and their distribution 
was as follows : — 


Latitude. 

1°— 30“ ... 
31°— 60° ... 
61°— 90° ... 


North. South. 
150 100 

58 16 

15 9 


East limb ... 
West limb ... 



and cUspkmnmts on tlie Sun's disc. 

^ Eo^ hundred^ ^d forty-eight bright reversals of the Ha line. 436 dark reversals of Da line and 
98 displacements of the Ha line were observed during the half-year. Their distribution is given below 

Forth. South, East. West. 

Bright reversals of Ho ... ... 238 210 218 230 

Dark reversals of Da ... ... 236 200 215 221 

Displacements of Ho ... ... 50 48 46 52 

Seventy-two displacements were towards the red, 25 towards the violet and 1 both ways simultaneously. 

\ ^‘^^^’’'^■^‘^swwectedontUdiscaaalsorptionm^ 

^ ^ Photo^phs of the Sun’s disc in Ho light were available from Kodaikanal and the eo-ooeratiutf 
obseryatones for a t^^ of 176 days, ^ counted as 171* effective days. The mean daily areas of Ho 



3Ccmi 
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abBorption markings (corrected for foreshortening) in millionths of the Siin^s visible hemisphere and their mean 


daily numbers are given below : — 

Mean daily Mean daily 
areas. numbers. 

North - 2,277 12*5 

South ... ... 2,192 12*8 


Total ... 4,469 25*3 


The above show a decrease of about 6’ 5 per cent in areas and of 17*6 per cent in numbers compared 
with the previous half-year. The preponderance of activity is now in the northern hemisphere. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means based on 
Kodaikanal photographs alone are also given, 156 days of observation being reckoned as 150 effective days. 


North (Kodaikaiml photographs only) 
Sonth ( do. ) 

... 

Mean daily 
areas. 

- 2,359 
... 2,101 

Mean daily 
numbers. 

12-95 

12-60 


Total 

... 4,460 

25-55 

The distrihntion of the mean daily areas in latitude is shown in the following diagram. The 
maximum of activity which existed near 1-10° in the northern hemisphere has shifted 5° towards the equator, 


and the high peak in the soubhcru hemisphere has disappeared, leaving the distribution more uniform than 
in the previous half-year. 
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The excess of activity with regard to areas and numbers still persists in the western hemisphere, Uu- 
percentage east being 48‘61 for areas and 49*71 for nainbeis. 

Thanks are due to the co-operating observatories for the photographs supplied by them. 


The Obsbrvatort, Kodaikanal, 
19th April 1930. 


A. L. NARATAK, 

Offlciatmo Director, Kodaikanal and Mrtdras Oh8e>''vatorir)i. 



PriOB, 8 anna*.] 


UADBAB : PRINTED BY THE flUPBRlNTENDENT, OOVBBNHENT PRESS — 1980. 




Itotiaiitanal ©isiertoatorg. 

BULLETIN No. LXXXVIII. 


SUMMAEY OF PliOMINENOE OBSEEVATIOES FOE THE SECOND HALF 

OF THE YEAE 1929. 


In pnrsnanco of the programme of work adopted since 1st January 1923 under the auspices of the 
International Astronomical Union, all observatories taking spectroheliograms of the sun have been asked to 
co-opjM'ato with the Kodaikanal Observatory by supplying copies of their photographs on those days when 
the Kodaikanal records are imperfect or wanting. In response to our requirements for the second half of the 
year 1929, the Mount Wilson Observatory supplied prominence plates for 59 days and Ka disc plates for 33 
days ; Meudon Observatory supplied K, disc plates for 3 days and Ha disc plates for 36 days ; the Pitch 
Hill Observatory (Mr. Evorshed’s) at Ewliurst, Surrey, England, supplied 7 prominence plates and 5 
Ha disc plates. 

When only incomplete or imperfect photographs for any day are available from more than one obser- 
vatory, the best photograph is chosen as representing the solar activity of that day after weighting it according 
to its quality, and the remaining photographs are ignored. 

^ The moan daily areas and numbers of prominences photographed during the half-year by means of the 
K lino of calcium are given, below. The moans are corrected for incomplete or imperfect observations, the 
total of 183 days for which plates were available being rnduood to 165 effective days. 


North 

South 


• i •fP ^ ^ 


Mean daily areas 
(sqnaro minutes), 

2-09 

2'SG 

Mean daily 
numbers. 

6'26 

6'62 




Total . 

4-95 

12-88 


Compared with the previous half-year, areas have decreased in the northern hemisphere but increased 
ill the sontliern, giving no fqipreciable change in the total ; numbers continue to decrease, the percentage 
decrease on the previous half-year being 11'8. 

Eor comparison with bulletins issued prior to the co-oporation of other observatories, the means baseil 
on Kodaikanal photographs alone are also given, 149 days of oliservation being counted as 129 effective days. 



Moan dilily areas 

Mean daily 


(square minutes). 

numbers. 

North (Kotlaikanal photographs only) 

2-04 

6-84 

South ( do. ) ..e 

3-02 

7-23 

d 

'dial .5-06 

14 07 
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The distribatiori of pi ommcncoB m latitude IS repiesented in the following diagiam, in which Uie full 
hno gives the mean daily areas and the broken line the mean daily niimbeis for each 70Qe of 5® of latitude The 
ordinates represent tenths of a square minute of arc foi the full hne and numbers for the broken line The 
distribution of prominence areas is generally similar to that in the previous half year The activity between 
55" N and 90" N has now almost disappeared^ whilst in the southern hemisphere there is greater activity ft om 
10" IS to 30® S and near 50® S 



The monthly, quarterly and half yearly areas and numbers, and the mean height and inodiii extent of the 
prominences on grspliB from all co operating observatories are given in Table I The unit of area is 
T mean height 13 derived by adding together the greatest heights reached by 

lint f total number of prominences observed . the mean extent is derived 

the total nSer of prominence^ chromosphere of individual prominences and dividing by 
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Table I.-^Abstiiaot eob the second half of 192^). 


Months. 

Number 
of days 
(elective). 

Areas. 

Numbers. 

Daily means. 

Mean 

height. 

Mean 

extent. 

Areas. 

Numbers. 

11)29, 






/r 

o 

July 

m 

88*9 

525 

3*6 

13-1 

3'J-O 

5*5 

August 

29.i 

m-8 

. 542 

5*8 

11*2 

42’0 

6*2 

Bopteiubor 

as-; ' 

172'.S 

411 

6*0 

14*5 

55*4 

7*2 • 

October 

m 

145-5 

562 

5*5 

130 

29 9. 

7-0 

No VO 1)1 bur 

m 

147*1 

556 

5*6 

12*8 

38*6 

7-0 

Docoiubur 

281 

152*5 

550 : 

5*4 

12-4 

42*5 

7*4 

Third quarter 

821 

572*5 

1,078 

4*5 

15-0 

58*6 

6*4 

. Fourth quarter 


444*9 

1,048 

5*4 

12*7 

56*9 

7*3 

Second half-year 

165 

817*4 

2,12G 

5*0 

1 

12*9 

37*8 

1 6*9 


lyisbilmtion ccM and luesb of the Sun's axis. 

Unlike tlic pro vio lus liiilf -year, tlie areas arc almost equally divided between the east and west of the sun’s 
axis, whereas the numbers show an excess at the east limb as will be seen from the following table : — 


1929 J uly to December, 

East. 

West. 

Percentage East. 

Total number observed ... 

1,103 

1.022 

51-9 

Total ureas in square minutes ... 

408-3 

408*2 ■ 

‘50*0, 


Eruptive prominence, 

, A large eruptive prominence was observed on the 5tlx September 1929. A prominence extending from’ 
latitudes 20® to 45® in the soxith-west quadrant developed into a large arch, the brightest portion of which 
could be traced for over 2| hours, ultimately reaching a height ;of 13' above the sun’s surface before fading 
away. At the same time an arched prominonco extending from latitudes 55° to 82° in the south-east quadrant 
remained almost unchanged in appearance, 

* ‘ MeialUc prominences, ‘ : 

Twenty-five metallic prominences were observed during the half-year. Their; details are given 
below : — 

Table IL— List of metallic iTiOMmENOBB obsebvbi) at Kodaikanal, July to Decembeb 1929. 


’ 

Date. 

Hour 

I.B.T. 

Base, 

Latitude. 

Limb. 

Height. 

Lines. 

NortJi. 

South, 

1929. 

H. M. 

0 

0 

B 




July 4 

9 23 


11 


E 

15 

49241, 6016, b,; b„ b„ bi, 5316-8, 5363-0, D,, Hi, 








6677. 

17 

12 25 



6 

W 

5 

4024-1, 5018'6, b,, bs. b-a, bi, 5234-8, 6316-8, 5363-0, D 2 , 








Di. 

20 

11 21 

2 

7 


E 

10 

4924-1, 5018-6, b,, bj, ba, bi. Da, Di, 6677, 


1-A 
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Date. 

Hour 

I.S.T. 

BaHOn 

Latituden 

Limb. 

Height. 

North. 

South, 

I92t)n 

U. Mi 

o 

o 

Q 


ff 

August 14 

8 60 

6 

' 

6-6 

W 

.10 

; 27 

9 20 


9 ; 


W 

10 

Soptemboif 13 

9 16 

' 

8 


E 

10 

17 

9 17 

12 


19 

E • 

10 

18 

8 .39 

2 


19 

B 

10 

. 24 

8 38 

3 

r6 , 


B 

20 

October 7 

9 15 

3 


12‘5 

’ E 

, io 

■ 11 

9 13 

2 

12 


W 

10 

16 

9 24 

3 


20*5 

w 

16 

18 

9 15 

3 


21-6 

E 

5 

20 

8 41 

4* 


14 

W 

10 

Novembot 9 

9 60 

■ . 1 

1. 


1-6 

B 

10 

16 

11 60 1 

2 


16 

W 

10 

22 

9 5 

5 

10*6 


W 

16 

December 5 

9 1 

2 

14 


W 

. 10 

6 

9 16 

3 


3-6 

E : 

16 

10 

9 4 

4 . 

8 


E 

10 . 

11 

9 2 

3 

11‘6 


W 

20 

18 

10 26. ! 

2 

18 

1 


*W 

10 

20 

to 13 

2 

1 


E 

16 

21 

8 66 


’ 20 . 


E 

10 

21 

■ 8 68 

4 

14 


E 

15 


LinoH. 


4024*1 , fiOK), BOI8*(i, lu, hg, li„ b,, 5234*8, 527t>-2, 
631(i-8, B3C)3i D,, 1),, (ili??. 

Paint b*, bj, bji, bj, Dii, l4i. 

4024*1, 6018*0, bi, ba, b,, bi, 5200*8, 53108, D,. l4i, 
6077, 7005. 

4024*1, 6^8*0,' b.i, ba, ba, l)i, 5234*8, 5270*2, 5310*8. 
63b3*0, Da, Di. 

6018*0, hi, b., ba, b., 5234*8, 6270*2, 5310*8, D., D,. 
4024*1, 6(U0, 5018*0, U, U, be, bi, 5270*2! 51110*8. 

uSooOi Djy Di« 

4924*1, 6010, 6018*0, b*. b„ 1)8. bi, 6234*8, 5271)*0, 
6276*2, 6310*8, 6303*0, D„ 1)„ 0077, 7006. 

49M*1, 5016. 6018*0, b*. b,, ba, bj, 6234*8, 6270*0, 5303*0, 
Da, Di, 6677, 7006. 

‘'■* 

FwntDa, Di, 

®234*8, 5276*2, 

uoId O) udbo'Oj Df ) Di* 

5270*0, 6316*8, 

5o6o 0, Da, Dii 

4924*1, 6010, 6018*0, bi, bn, b*, b,, 6234*8, 6276*0, 
6316*8, 6863*0, D,, b„ 0077. 706b. ’ 

“i* 6316*8, Dh I),, 

Db77, 706o. 

IqE'}’ h 58?3‘0.D,.Da, 0077. 

‘S Afefefe,.'’*' '*■' '“■*' ‘"'™* 

*’«■ •’«' <5234*8, 6276*0, 6316*8, 

OOOtj'Uf D|^ 

“M 5®«6*8, Oa, D,. 


The diatribntion of metallic promineiioes was as followB : — 


North 

Sonth 


r-10“ 


11**— 20® 


5 


2r-30“ 


31^-40** 


Fourteen were on the east limb and 11 on tbo west Umb. 


Moan latitude, 


11'2 

127 




Bxiremo latitudoBi 


1“‘5 and 20®*0 
l®'6 and 21®*6 


^ Ff .«mtnano« m™. In to 
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Table HI Dtsplacbmbnts of the HYPROGBy lihes, TOly to DBeiMBiiB J929.' 


Date, 


1929, 


July 


Atigust 


3 

3 

4 
4 
4 
4 

14 

14 

15 
17 
IS 

20 

24 

21 

29 

30 

31 

1 

4 

5 

5 

6 
6 
8 
S 
9 
9 

11 

11 

12 

12 

13 

13 

14 
14 
14 
19 

22 

24 

25 
27 
27 

30 

31 


31 

31 

September 1 

2 

2 

' ^ . & 

4 

5 


6 

9 

■ 10 


Hour 

I.S.T. 

Latitude. 



Di^lacenrent. 






Kbrtli 

Houfb. 


Red 

Ttolet. 

■ Bk)th ways. 


1^. M. 

o 

« 


A. 

A. 

A« 

9 41 


7 

w 

15 



9 14 


1 25 

w 

Slight 



^ 9 21 


; 18 

w 

0*5 



9 23 


25 

w 


2 


9 26 

' ir 


w 

Slight 



9 21 

n 



1 

2 


9 7 


15f5 

w 

0*5 



9 0 

n 


w 


1 


, 8 49 

, 32 


w 

1 



10 7 


; 64-6 

w 


1 


10 6 

5 

w 

0*5 


9 14 

7 


E 

0-5 



12 25 


6 

w 



1 

, 8 49 

. 16 


■ “W 


0*5 


, II 211 

i t 


E 


1 

9 23 

■i» ■ 


w 

0*6 



, 9 46 

, 2t 


w 


1*5 


! S 15 

1 10 


w 

1 


12 16 
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11 24 
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E 


1 
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- 5 

E 


1 


8 60 


i 20 

W 

: 0-5 
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E 

^ 0*5 ‘ 



9 38 


2ft 

W 

1*5 

1 


9 44 


i 23 

E 

1*5 


8 31 


i 685 

W 

! 1*5 



' 8 25 


W 


0*5 


14 61 

0*6 


B 

1 


16. a 


18 

W 

1 

Slight 


9 37 

24 


E 

0-6 


9 39 

. n 


E 

1 



8 56 

m 

i ^ ’ 

W 

1 



8 64 

M 

( ' i 

lili 

1 

W 


Slight 


8 44 


E 

0*5 


8 37 

3 

W 


0*5 


9 24 

m 


E 

i 0*5 


9 28 

5 


1 

; 1 



: 8 60 

1 

! 8 

W 

1 

. 1 ■ 

, 

8 60 


' 5 

w 

1*5 



8 43 

S 

w 


0*5 


9 59 

30, 


w 


Slight 


11 12 


29 

w 

2 


10 10 

23 


w 

1*5 



8 48 

72 


w 

0*5 


1 ' r 

9 20 

9 2 

3 

4S 


w 

w 

Slight 

1 


9 6 



w 

1*5 


9 25 

28 


E 

; 1 



9 28 



E 

■ 2 



9 7 


16 

W 


0*5 * 


9 13 

M 


E 

t 

1 

’ 

i 8' 

l ; 

Li| 

W 

, Slight 



8 42 

2® 

;64-6 

W 

Sli^ 


8 39 


w 

i 0*6 


1 ■ ft ft 

1 23 


E 


0*5 


8 43 

67-5 


E 

0*5 

: ■ 1 


9 40 


1 

1' i 

W 

3 



9 40 


!' 3 

W 

i 

6 



i ’ ft aft 

im 


E 


; ^ ■' 


. ft 6 

n 


W 

1 ■. ’ ■ 



8 44 

... g. g... 

7 


E 


0*6 






Remarks. 


At top. 

Ai base of ih& prominence : 

ext^ds over 4° from 23° to 27“. 

’ extends over*^ from 2*0“ to 

At top. 

Do ■ 

At base. 

At top. 

Do, ; extends over ^ from 6“ to 9“* 
At base j extends over 4“ from 30“ to 
34 . 

At base. 

At top. 

Do., 

At base. 

Do. 


At base. 

Do. 
t top. 

Do 

At base. 

At top. 

Do. 

At base. 

To red at top ; to violet at 


Dev 

Do, 


Do. 


Do. 

Do. 

Do. 

Do. 

Do. 

At top ; extemda over 4“ from 26“ to 
30 . 

^Xtends over 3** from (f to 3®, 

At base. 

Lt topi- 
Do, 


’Afcbaae. 

Tb red at bise | to violet at top. 

At extendi over 16“ from + 1* to 

At top? (floaifcigf proiniHence). 

At top. 

Do. 

Do.-- — — 


A 


Latitud 


Sept mbe 10 


Krorfch. S nth. 


8 46 I 15 


9 9 I 47 


9 U I 12 


W 

9 W 

W 
£1 
E3 
B 

43 W 

W 

8 E 

W 
W 
E 

10 B 

24 E 

' W 
26 W 

1 

33 5 W 


22 5 E 
63 5 W 


605 W 
W 


W 

E 

175 W 


E 

' W 

E 

1 W 

W 
W 
E 
W 

3 E 

12 . B 

W 

166 i 


w 

w 

w 

w 

576 B 


1^6 W 

E 


W 

W 


Displ m at 


Vi 1 t Both w y 

E marks 


T dttptovoltt base 
At baa 
At t p 
D 

At baa 

T d 1 1 p; to 1 t at base 
At t p 

At t p xt nds 0 er 4 fr m 10 to 14 
At b 


At b se 

T d at base to vi 1 t at top 
At bas 
At top 
At base 
Do 


T d t bas to VI let at top 
At top xtends o 3 fr m2r to 24 
Att p 

T at bas , to vi lot t top 
Ext da 3*fr m57“to60* 

Att p 
Atb 
Do 

Att p 


At bas 
At top 

Attopi xtendao i3 from 46 to49 


At top 
At t p 
At bas 
Att p 
At bas 
D 

At top 
Atb 


xtends e 6 f m 9 to 14 


Att p 

At top 
D 
Do 

At bas 
D 
D 

Att p 
D 

At bas 
D 

At top 
Do 
Do 

Atb so 

At topi 

At top 
Do 

Att p 


xtends o or 4 from 0 to 4 


extendao e ^’fromS tolj)^ 


xtendswer3°froml6 tol® 


At top 
Atb se 
At top 
T ^1 


to vi le4 at b se 
Do 


Mm 
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Latitude. 

Hour ^ , 

j g iji Limb. 

North. South. 


Displacement. 


Bed. Yiolet. Both 


Remarks. 


October 


November 3 


11 64 
9 O' 


8 60 
11 62 
11 17 
9 57 
9 33 
10 12 
10 12 
8 50 
8 50 
11 60 
8 44 

8 55 

9 30 
9 40 


27 W 

W 

27 W 

W 
E 
E 

15'5 W 

11'5 W 

19 E 


E 

E 

8 E 

E 

1 E 

W 
W 

w 

w 

19 W 

w 

E 

E 

E 

17 E 

22-5 E 

16‘5 W 

W 


To red at top ; to violet at base. 

At top. 

Middle of prominence. 

At top. 

At base. 

At top; extends over 4° from 11® to 15° 
At top; extends over 3° from 14° to 17°, 
At base. 

Do. 

Do. 

At top. 


At base. 

At top. 

Do. 

Do. 

Do. 

At top. 

To red at top ; to violet at base. 
At base. 

At base. 

Do. 

At top. 

Do 

At base. 

At top. 

Do. 

Do. 


December 


8 66 
9 13 
11 66 
12 30 
9 26 

9 J 
10 10 

10 11 

9 41 
9 18 
9 2 

10 23 
10 22 
9 40 


36'6 W 

3 W 

E 

3’5 E 

16'6 B 


To red at base ; to violet at top. 

At top. ^ 

Over middle of prominence, extends 
over 5° from 12° to 17°. 

At top; extends over 6° from 7° to 13°. 
No prominence. 

At top. 

Do. 

Moating cloud; displacement extends 
over 5° from 14° to 17°. 

At top; extends over 4° from 8° to 12° . 
At top. 

' Do. 

In chromosphere. 

At top, 

At base, 

At base. 

To red at top; to violet at base. 

At top. 

Do. 

Do. 

Do. 

Throughout the tall filamental pro- 
minence. 

At base. 

In chromosphere. 

At top, 

At top. 

To red at basej to violet at top. 

At top. 

At top. 



1 ^ 




I 




V f 

I 

^ A ^ 

r-f^ f * f I 


*i£4s« 


< Jh. -f 


i ^ . 

if^ ; 


ri 


Total 


f < 


140 110 


T^ 


104 

146 


2m 
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Reversals and displacements on the Sun's disc. 

Three liimdred and sixty-five bright reversals of the line, 354 dark reversals of T) r 
74 displacements of the H« lino were observed during the half-year. Their distribution is given Wow 

North. South, East. West. 

Bright reversals of Hm 174 191 

Dark reversals of Dj 167 137 

Displacements of H« 33 33 33 

Fifty-two displacements were towards the red, - 9 toAvards the violet and 3 both Avays simultaneously. 


I TO jN/inences on tiig disc as ahsorptkm markings. 

Photographs of the sun’s disc in H« light were available from Kodaikanal and the co-operitinu 
observatories for a total of 1<S3 days, which were counted as 178 effective days. The mean daily areas of Hu 
absorption markings (corrected for foreshortening) in millionths of the sun’s visible hemisphere and their mean 
daily mxinbers are given below ; — 


North 

South 


Mean daily Mean daily 
areas. numbers. 

1,743 11*66 

2,460 13 84 

Total ... 4,203 25*50 


The above show a decrease of about 5*1 per cent in areas and an increase of about 0’8 per cent in num- 
bers compared with the previous half-year. The preponderance of activity has now shifted again to the 
southern hemisphere. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means based on 
Kodaikanal photographs alone arc also given, 140 days of observation being reckoned as 131 effective days. 



Mean daily 

Mean daily 


areas. 

numbers. 

North (Kodaikanal photographs only) 

... 1,651 

11-69 

South ( do. ) 

... 2,365 

13-59 


Total ... 4,016 

25*28 


The distribution of the mean daily areas in latitude is shown in the following diagram. The 
principal features of the latitude distribution are the maxima in the zones 20° — 25^. and secondary maxima at 
45°"50°t Compared with the previous half-year there is a laibge decline from 35°— 50° in the northern 
hemisphere, andmear 40° in the southern hemisphere. * * 



Millionths ofjhe Suns Visihle Hemisp 



iwanteanmbM ?>» 492«To ‘ 


previcmB conaderably greater than that 

for the chse of the son were only slightly loncer tlian in the Kodaikanal Ha spectrohehogra 

pi®aMh«toee»te hyjds^g^ i,»kt ^ ** ^‘”*^** PPaotaQaWe to 'obti 

«e«ir’Wil#»hftils€'a f^dtoh ]^to8iM»hB Ast^ ^ «f»*trohidiograpii whtoh up 'to t^at li 

PPhes of fresh hatoh^ «fi PanehttowhsipJwesi tt 


in th« prj.,.. bnllcan nnd will tonaffer be inctadeil In the re^totar/eJt'bnuIta ^ "™‘‘ 

necon’:;fr— =s;:r rrir“^ >“ - -- »» 

which are completely obscured in the K spectrohelio-^raph This effio ^ prominences 

instrumental differences in the two specLherlT^^^^^^ 't 

amount of scattered light wliich helps the obliteration of nromin,n there is a considerable 

The mean daily areas of H« iiroininences for each half of the”vra IdPO ^ conditions are not good, 

corresponding areas for calcium prominences 001.::^ 1:^“ 


First half of 1929. 


Mean daily areas 

(square minutes) 

North 

South 



Ha prominences. 

l'3l 

1-43 

K prominences. 
2-46 

2 52 


Total 

2-74 

4-98 

BocobiI lialf of 1929. 




Nortli 

South 



0-88 

- ■ 1'68 

2-09 

2'86 


Total 

- . 2-56 

4-95 


The distribution of Ha prominences in latitude is very similar to that of K prominences as might have 
been expected. It will, however, be noticed that the mean daily areas of Ha prominences are considerably less 
thaii those of K prominences. In the first half the H« prominence ai-eas are only 55 per cent of the K ai-eas 
and in the second half 52 |)or cent. This is not necessarily to be interpreted as evidence that tlie hydrogen 
prominenMS are less extensive or less high than calcium prominences. There are innumerable examples 
where individual prominences are identical in shape, height and area in the Ha and the E photographs 
There is, however, considorahh' evidence that in the fainter and more scattered pai-ts of K prominences the Ha 
counterpart is relatively much fainter Avhon compared with the brighter parts of the prominence. This is 
not merely a photographic effect caused by the underexposure of the Ha plate, for whilst the main part of a 
prominence may be stronger in the Ha photograph than in the calcium, the reverse is often true in the fainter 
parts of the same prominence. The exact relations betiveen the relative intensities in different parts of Ha 
and K prominences appear worthy of detailed study. 

There are also instrumental reasons why the total Ha areas must he slightly smaller than the K areas. In 
the I-Ia spoctroheliograph, tho field of view outside the sun’s limb is not so large as in the K spectrehelio- 
graph ; the upper parts of some high prominences are therefore missing in the Ha plates. The effect of such 
instrumental differences over a half-year is believed to be small. 

It is noteworthy that tho southern preponderance in the second half of 1929 is more marked in Ha 
prominences than in K prominences, the ratio of northern prominences to southern being 0'52 in Ha and 
0 73 in K. It remains to be seen whether a similar difference is maintained in subsequent years. 

The Obsbbvatoey, Kodaikanal, T. BOYDS, 

16th Auffrist 1930. Director, Kodailmnal and Madras Ohservatories. 
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BULLETIN No. LXXXIX. 


THE EOTATION OE HYDROGEN ABSORPTION MARKINGS AND THEIR 
HEIGHT ABOYE THE SHREACB OP THE SUN 


The results in this paper are based on Kodaikaual Ha spectroheliograins during the years 1926—1929 

The speed of rotation of hydrogen absorption markings has been determined by measurements near the central meridia 
for successive rotations of the same marking. Near the equstor the siderial rotation is 14“'55 per day, that is nearly the sa ^ 
as for spots, but the polar retardation, although evident, is less than for spots (see fig, 1 and table I), The polar retardaton 
evidences itself by a progressive increase in the slope of an absorption marking to the central meridian at each successive 
rotation (see figs. 2 and of plate). 

The heights of hydrogen absorption markings have been deduced from the time required for a marking to pass from the 
eastern limb of the sun to the central meridian or from the central meridian to the western iimb. This time has been termed 
the quadraiital time of the marking. Since an absorption marking usually cuts the limb of the sun at quite definite latitudes 
the quadrantal times at these latitudes can be determined with exactness. If the height of an absorption marking above the 
sun’s surface were 2 :ero, its quadrantal time would be that required for a quarter rotation (synodic) of the sun, but the quad- 
rantal times are actually found to be less than the latter as a result of the height of the absorption markings above the surface 
of the sun. For the edge of the absorption markings nearer the limb the average quadranial time is 5*55 days, and for the 
edge farther from the limb 5*65 days, compared with 6*82 days for a quarter rotation (Synodic) of markings. The deduced 
heights of the two edges are and 28"*0 respectively, the average height of the prominences (Ga) at the limb being 46^ 
Consequently it follows that the lowest paints of pi'ominenoos do not show on the disc by absorption. The lowest parts of 
prominences are believed to show on the disc only by emission, being represented by the bright margins at the edges of 
absorption markings and the oontro of bright margins appears to have a height of about 12'^ deduced from the quadrantal time 
of 6*1 days. As the average heights of prominences at the limb includes the finest detail of prominences it is not surprising 
that these heights are greater than the lieightB found for the absorption markings. 

The level of Ha spectroheliogrnma is found to be 6"’B, or 4,590 kms. above the photosphere. This is the level of the 
chromosphere, and all the heights obtained in this paper are consequently to be understood as heights above the chromosphere. 

The rotation of calciiin?. absorption marbingB (filaments) has been studied by L. d’ . iVzambnja^ who 
interpreted the apparent acceleration of rotation near the limb of the sun as an effect of the height of 
markings above the surface of the sun, and he estimated their heights accordingly. There can be little doubt 
thafc his interpretation is correct, 

A study of this effect has now been made mabihg use of the Kodaikanal spectroheliograms for the four 
years 1926“-'“102[), taken with the Hr// line. The method of measurement from which the heights of the 
absorption markings are deduced differs from that, of d’ A^sambuja who measured the varying longitudes^ of 
markings as they crossed the sxin’s disc. I find that longitudes near the limb of the sun cannot he measured 
accurately since a small eiTor in a position near the limb leads to a considerable error in the deduced 
longitude. But it is here, near the sun’s limb, where the apparent acceleration of rotation is greatest and 
where it is most desirable to know the longitudes and just here where the longitudes are subject to the 
largest errors. Moreover with such measures it is not simple to co-ordinate the results of different markings 
since they cannot be measured all at the same selected longitude, but have to be taken where they are found 
on photographs taken generally at daily intervals. 

^ L. d’ Azambaja, Comptes Rendns, 176, 950, 1925. 

• Longitudes measured from the central meridian are invariably meant in this paper. 
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An examination of figs 4—8 of the plate accompanying this bulletin will show that hydrogen absorptlai 
markings at the limb cut the latter at quite definite latitudes It is a simple matter to measure thm 
latitudes with sufficient accuracy The time when these latitudes reach the central meridian of the mn 
can be accurately deduced from photographs taken when the absorption maiking is near the centa*l 
meridian since the errors of longitude are then small The method used in this paper has consequently 
been to measure the time interval required for an absorption marking to tiavel from the east limb of ^ 
Bun to the central meridian and from the central meridian to the west limb It is convenient to have a mm 
for these tune intervals and they wiU be referred to as quadrantal times since they are the times requhM^ 
to traverse a quadrant of the sun The quadrantal times for difEerent markings in the same latitude 
can be immediately compared There are naturally some disadvantages in the method in that it doesHkidl 
give as many chances of measurement as are available on the disc near the limb but it possesses a very gwMt 
advantage that the necessary measures can be made very rapidly and sufficient accuracy can be obtalhit 
with comparativei^ease The virtue of the method adopted in this paper lies in the fact that absqx^itat 
markings are generally mchned to a meridian of the sun so that photographs taken at daily mt^rVl^ 
will generally catch a marking cutting the limb at one place or another along the length of the 
usually the absorption markmg cuts the limb (or otherwise expressed the limb cuts the marking) m 
places on two or more successive days The only difficulty is with the few markings which lie 
mendian of the sun such markings near the hmb on one day will be completely past it on the next 

the number of markings not caught in this way is small and their neglect will not appreciably aflIeOfriE 
result 

The quadrantal times so obtained wiU be an index of the heights of the absorption markings 
height above the sun s surface is zero the quadrantal time wiU be equal to the time required for a 
rotation of the sun The greater the height of the marking the less will be the quadrantal time 

The Level ef Met Specbrdhelxogrwms ^ 

We have hitherto spoken of the heights of absorption markings above the surface of the sun 
specifying which surface exactly is meant In deriving the heights we have only used the central 
of the sun which is the same for all levels and the limb of the sun in Ha light The level of " 

to be considered is therefore the level of the hmb of the sun in Ha light The height of this 
photosphere can be measured by oomparmg the diameters of the sun in Ha light and in light 
adjacent continuous spectrumf The diameters found are 60 03 mm for Ha images and 59 64 
tbe contmuous spectrum The deduced height is 6 3 or 4 590 kms above the photosphere that is 
Identical with the top of the chromosphere which in calcium light has an average thickness of 
Consequently the surface of the sun which ^ been considered injhas^paper iTthi upper surface 
chromosphere and Iha heights whmh arg. deduced -for'absorption markings etc are heights aboi^^fe^ 

cllroiiiosphftrft ^^ _ 

Mean Hotational Sipeed of Ha Ahsorpt%on Markings 
^ he true speed of rotation of absorption markings can be obtained from measurements near the 
mCTidmn where the height is so much foreshortened that its efliect is inappreciable Day to day measu^^fe 
^ irregular movements of markings and the effect of errors of measurement would be appr^K 

edafe vrtftT ° ah “ d( fara lam aware) that the 1 mb of th simmHa 1 ght may ha e 

^ ^ ^ nal sp tr h 1 ogr ms good d v The us ^ * + 1 ; 

asfeltoian^lilathe n fbeiagd t ftstigm tism o th * otioaf drf rf. f iT n S dge fth s un 

veryH® somewhat in diff X at pi oes ^ ^ ^ mKodaikan 1 H spectr h 1 grams is 

. ^^^toibuja has olsopsed this m th dfo deteraunmirl 1 f rt, t ), i ^ „ w * - xr xr 

totoe ^ir fas II 1930 * i sp t n i gr m but ot fox SI udon 

S St J<ibn Astr phya al J umel 32 36 1910 

4 Abeth howe «• find th Ihi knes fth hydiog n hromoshpex tobefr m9't 10* Ob xval ry 49 89 

fmM 
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(l.d/r. Oonipare Avitli 8 below, 


Fig. 6. 1.928 Apr. 2, 


Fig, 8. 1,927 Aiig. 29, 8*’ 0(9‘^ (l.(\T. 

This is the aaiuo dark niari’lcing aa (ig. 2 a/fttu’ n. coiiiploto rotfitioiv of ilu 
sun, The slower speed of rotadion in liigluvr latitudes shows l)y the 
increased slope of the luarl^ing to tlie central lueridiaiU wliicb is 
indic-ated by the vertical line. 


1928 Dec. 80 


Fig. 8. 1929 Nov. 30. 

Figs. 4 to 8 are examples of dark markings which have been 
measured at the limb. 


Fig. 5. 1927 Aug. 28. 

This is tlie same imnking a,K iigs. 2 Si> 8, 


This line rei)r(‘S('nts the length of the solar diameter on the scale of the photographs. 


All the photographs are positives. 
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It IS best th^efore to consider only absorption markings which have existed through a complete rotation of the 
sun and to find the times required for a complete rotation from the central meridian to central meridian All 
markings in the years 1926-1929 which have crossed the central meridian more than once were measured 
Measures were made on the western (or preceding) edge of the absorption markings for the sake of definite- 
ness but no difference to the result would be caused by taking the centre or the eastern edge of markings' 
From photographs showing an absorption marking near the central meridian the times of actually crossing the 
central meridian were deduced for intervals of 5° of latitude, assuming the approximate value of 13“ per day 
for synodic rotation to reduce the positions near the central meridian to the actual time of crossing it Not 
many measures are possible in the belt between 0“ and 5“ owing to the paucity of markings of long duration • 
beyond latitude 40“ most markings are parallel to the equator and the speed of rotation of such markings 
cannot be measured with accuracy. The results do not vary greatly from marking to marking in the same 
latitudes, nor from year to year. They are given below in table I. 


Table I.— Mean Rotation of Ha Absorption Markinrs. 


Latitude 

()"' 1 

5" 

nr 


20“ 

25'" 

30“ 

35“ 

) 

40“ 

21°'9 

JS'o. o! markings 


11 

19 

87 

47 

40 

30 

23 

6 


Days for complete syno- 
dic rotation. 

26*54 

2(3 68 

•2fry4 

2/'U2 

27*22 

27'38 

27-64 

27-81 

27-86 

27-27 

Degrees per day (syno- 
dic), 


13 43 

IB '86 

13'31 

13^22 

13' 14 

13-07 

12‘94 

12*91 

13*20 

Degrees per day (side- 
rial), ^ 

14*55 

1447 

14 '85 

i4'30 

14*21 

14 13 

14 06 

1893 

13*90 

Ifla ~ 
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Fig. 1 sliovs the curve of variation of siderial rotation with latitude compared with the rotation of sun- 
spots, taking for the latter the unweighted means of Carrington, Spoerer and Maundor\ It will be seen 
that although the rotation of absorption markings in low latitudes approximately agrees with that of sunspotfitj 
in higher latitudes their rotation is more rapid. The retardation of rotation in higJier latitudes iff however 
clearly marked. This is well illustrated in figs. 2 and 3 of the plate. Fig. 2 shows a long straight absorption 
marking stretching from latitude 7° N. to 35° N. near the central meridian on 1927, August 2 at 3*^ 51*^ G.M.T, 
The central meridian is indicated by a vertical dine, and a line inclined to it at an angle of 40° is roughly 
parallel to the marking. If the higher latitudes are rotating more slowly than lower latitudes, they will 
gradually lag behind and increase the inclination of the marking to a meridian. This is neatly shown in 
fig. 3 in which is reproduced the same marking as fig. 2 after one complete rotation of fcho sun, again near the 
central meridian on 1927, Aug. 1929 ; the line drawn at 55° to the central meridian indicates how much the 
inclination of the marking has increased since August 2 on account of the retardation of rotation in higher 
latitudes. 

The above noted increase in the inclination of absorption markings with increasing age lends support to 
the idea put forward in a previous bulletin* that the greater inclination in higher latitudes is caused by the 
retardation of rotation there. 


SeighU (^Mydrogm Ahaorption Marhingn, 

We are now ready to proceed with the determination and use of the quadrantal times of absorptioa 
markings, defined above as the time reqnired for a point on a marking to pass from the east limb to 
central meridian or from the central meridian to the west limb. 

An example of the method of working may be given from figs. 3 and 5 of the plate. The eastern edge 

of the filament in fig. 5 ents the east Hmb at latitude 16^ N. at the time of the photograph, namely 3 " 26”- 

? !: ^ the central meridian in fig. 3 at 3- 0- G.M.T. on 

Au^s^ 29th ; measyement shows that latitude 16“ N. on the eastern edge of the marking was 3“ W. of the 
central meridian at this time and therefore wonld Lave been actually on the central meridian 5 hours and 30 

^utes before the photograph was taken. Consequently the time 
interval between the limb and the central meridian was from 23* 

26- to 28* 21- 30- that is 5* 18- 4- or 5*75 for the quadrantal time 
at latitude 16“ N. 

In fig. 9, represents the east limb of the sun from the pole 
P to the equator. OP is the central meridian of the sun and OQ the 
equator. Let .A he a point above the limb at height h above the surhice 
of the sun, whose radius is a. A rotates with a known speed until it 
reaches the limb of the sun at the point /i, and lias still to rotate 
through an angle which is denoted by 7 before reaching the point O on 
the central meridian. 

The angle X is measured by the quandrantal time in days multiplied 
Q S by the angle through which A rotates (synodically) in 1 day. Denote 
the latitude of .8 by We require an equation connecting A and K 



Pio. 9, 


~ , . ij , cui cmittuion gonneorang n ana A 

Bfaee hja and cos’X are smaU compared wltb unity for the heights to be considered, the relation 

» Hak, ABlro]^ysioal Jonma], Nos. 27, 213; 1908. " 

* B07&, KodaikaTwl ObaOTvatory Bulletin, No. ( 83 , 1920 . 

decimals ot a day reckoning from a convenient zero hour. Since mos^ 

are taimn between 8 >. and 9.. I.S.T., 8 k was made the 
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between the height of the point A above the sun’s surface and the quadrantal time can be expressed in 
the form 

2h _ 2A 

cos A. cos 9 

a 

The effect of the inclination of the sun’s equator to the ecliptic is small and has been ignored. 

Since the majority of absorption maiddngs are inclined to the meridian with the lower latitude end more 
westerly than the higher latitude end, ^ it follows that the eastern edge of such a marking cuts the limb 
(either east or west) at a lower latitude than the western edge. The reverse is true for those exceptional 
mai kings whose inclination is in the opposite sense to the majority, and such cases were carefully distin- 
guished. It was soon found that the east quadrantal times are less for the eastern edge of an absorption 
marking than for the western edge, and the reverse is true for the west quadrantal times. In the following 
table II, the east quadrantal times for the eastern edges and the west quadrantal times for the western edges 
have been grouped together under “ edge nearer the limb ” and similarly the east quadrantal times for the 
western edge and west quadrantal times for the eastern edge have been grouped under ‘'edge farther 
from the limb The daily synodic rotation has been interpolated from table I, and ^ is obtained by 
multiplying this by the previous column. The heights h were deduced by the formula of the previous 
paragraph. 


TABLE II.— Quadrantal Times ij’oe Ha Absorption Markings and their Corresponding .Heights. 


Latiiudo. 

Number 
of mark- 
ings. 

Edge nearer the limb. 


Edge farther from the limb. 


Quadrantal time 

1 in days (Ti) 

i' 

A 

Height 

K 

Quadrantal times 
in days (T 2 ). 

\ 

\ 

[ Height 

0- 5 

6 

6*45 

0 

13*50 

0 

73*6 

// 

38*4. 

5*47 

13-60 

0 

78*8 

n 

37-1 

6-~10 

12 

r)’30 

13*42 

71*2 

48*5 

5-42 

13*42 

72*9 

41*0 

11-15 

19 

5*59 

13*33 

74'6 

32*6 

5*74 

13-33 

76-6 

25-2 

16-20 

29 

6-5^1: 

13-26 

73*4 

36*0 

5-66 

13*25 

75*0 

29-4 

21—25 

26 

rj'i)2 

13*17 

74*0 

31*2 

5*76 

13*17 

75*9 

23-8 

26-30 

35 

5’4B 

13*08 

7i'7 

37*2 

5*62 

13*08 

73-5 

30-5 

31-35 

38 

5'57 

13*00 

72-6 

30*6 

5-69 

13*00 

74-0 

25-8 

36—40 

27 ■ 

5*60 

12-92 

72'4 

27*3 

5*67 

12*92 

73-3 

24-7 

41-45 

15 

5‘48 

12*84 

70-4 

28*9 

5*51 

12*84 

70-7 

28*4 

0 

27-3* 


Weighted means. 
5\555 



n 

33*5 

Weighted means. ^ 
5*650 

! 

, 

... 

n 

28*0 


xVs seen in the above table, the mean height of the highest portion of an absorption marking is 33"’5 
and the height of the lowest portion is 28'"0. The average height of all prominences at the limb (in Ca K 
light since Ha photographs are not available) is 39''*4:, but it is to be remembered that all prominences are not 
represented in the markings chosen for measurement The mean height of the prominences correspond- 
ing to the markings measured is about 46". Considering however that such heights include all the fine details 
seen in prominences it is not surprising that the fine details may not contain sufficient hydrogen to show 
by absorption when on the disc of the sun. 

A surprising result is thafc the height of the lowest portions showing by absorption is 28"*0, only 5"’5 
lower than the highest portions* A greater difference had been anticipated, indeed a value approximating to 
zero for the height of the lowest portion had been expected, quite unjustifiably, as a brief examination of 


* Corresponding to the weighted mean of cos®^ 


^ Kodaikanal Observatory Bnlleiin, No. 63. 
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spectroheliograms -will show that the quadrantal times of the two edges of aa absorption murVine are only 
slightly different. This result is not to be supposed as possibly dne to an erroneous value of the speed of 
rotation of absorption markings. No reasonable modification of the law of rotation can make the height of 
the edge of an absorption marking which is farther from the limb approach to zero. Hence there can be no 
doubt that a hydrogen absorption marking does not represent the whole of a prominence from base to summit, 
nor does it represent the lower portions only, but on the contrary only represents, in the average, a region 
of the prominence between 28 0 and 33 5 in height. Where then is the lower part of the prominence when 
the rotation has carried the prominence on to the face of the sun ? An answer to this question is suggested 
in a later paragraph. 

The above result that a hydrogen absorption marking represents such a narrow section of a prominence 
at the limb accounts for two observed facts. If the lowest part of an al^orption marking were really at the 
zero level, we should expect the maximum height of the attendant prominence when this lower edge of the 
marking cuts the limb. A.S a matter of fact the greatest height of a prominence is nearly always one day earlier 
at the east limb and one day later at the west limb, than when the absorption marking outs the limb. The 
second fact explained is the absence of any close relation between the shape of an absorption marking near 
the limb and the shape of the prominence at the limb. The reason is clear since the absorption marking 
proves to correspond to only a small section of the prominence. 

It wiE be seen from table II that the quadrantal times do not vary appreciably with latitude but that the 
deduced heights are somewhat smaller in higher latitudes. The deduced heights depend on the two factors, 
co 8*A. and cos**^, the latter of which is chiefly responsible for the variation of heights with latitude. A modi- 
fication of the law of rotation of absorption markings would however alter the variation of heights with 
latitude as the angle A. would be affected. 

Table III shows that the quadrantal times diminish steadily from 1926 to 1929, i.e., the deduced heights 
are increasing. Whether this is a resd effect or is in some way due to the selection of markings for measure- 
ment cannot now be said. 


Tabm In.-— Yabiatioh' op Qxtadbamtal Timhs op Ha Absoeption Makkings and thbie 
Cobebspondinq Heights in suooebbivb thabb. 


Edge nearer the limb. 

Edge faiiher from the limb. 

Quadrantal time 
in days (T,). 

Height Aj. 

Quadrantal time 
in days (Tg). 

Height hz. 

6*627 

g 

30*0 

6738 

M 

24*7 

6*642 

34-2 

6668 

28*3 

6*499 

36-2 

8-680 

31*9 

6*392 

407 

6-608 

36*6 


1^ ifiibwa, a hydrogen absorption markihg represents only an upper part of A 
^bii^ence sbeh atm iilnb, it seeins iiertiicent to enquire whether the lower parts of a prominenoe at the 
t on the of the son. The only feature attached to a hydrogen absOr'ptio^ ' 
^ bright margin on each side of the dark absorption. It has been 

hydrogeii darh loarking is accoxapanied by bright margins on each side. It 
d&rk Jharkihg approaches the snn’s limb, the side farther from 

■ 111 1^ 111. i' ll . ; 


lx ifH.v • .;p' 


^pdaifeanal Obeervaioi^ Btilleiiii,. No. 63. 
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the liinMiecomes relatively brighter, whilst the bright margin on the limb side disappears through being 
hidden from view by the higher dark marking. The method adopted at that time to give the height of the 
dark absorption above the bright margin could not be expected to give more than the order of magnitude of 
this height, and the difference of height found was 10". It is now found possible to determine the height of 
the bright margin somewhat more precisely from their quadrantal times, exactly as has been done for the dark 
absorption. Notwithstanding the fact that most dark markings are accompanied by bright margins, yet not 
often do the margins make a clear cut on the limb of the sun. Not many can therefore be measured and the 
measures are not so dehmte as for absorption markings. An example is shown in fig. 5 of the plate • it is 
hoped that the reproduction will show the bright margin on the side farther from the limb, cutting the’latter 
farther north than the absorption marking. In the four years 1926—1929, only 20 bright margins were con- 
sidered suitable for measurement without ambiguity. Measurements were made on the middle of the place 
where the bright margin touches the limb of the sun and the results are given below in table IV 


I ABLE IV^/ QuADEi ANTAL TIMES AND OOKEESPONDINO HEIGHTS OF THE BeIGHT 
Maegins of Ha Absoeption Maekings. 


Mean latitude. 

Number. 

Quadrantal times 
in days (Ts). 

A 

Height hs. 

21*4 

20 

6*09 days 

O 1 

80*4 

/f 

11*6 


The mean height deduced is 11 6, or about below the absoi’ption marking which may he compared 
with 10" for the order of magnitude deduced in the previous bulletin referred to above. Considering the fact 
that it is only practicable to measure the middle point of the width of the bright margins and this has a height 
of 11 6, it seems reasonable to suppose that the lowest portions of the bright margin must be almost, if not 
quite, on the surface of the chromosphere. 

The above deduced heights for the different parts of an absorption marking do not give a complete 
explanation of the relation between an absorption marking on the disc and the prominence seen at the limb, 
but they do throw some light on it. We have prominences at the limb extending to an average height of, 
say, 46^ The highest part of the corresponding absorption mai’king is 33'"‘5 above the chromosphere and the 
lowest 28""0, The light used in obtaining the spectroheliograms is the centre of the Ha line whose fluctua- 
tions of intensity give us the well-known features of Ha spectroheliograms. These fluctuations may be due 
to (1) fluctuations in the photospheric light seen through a partially transparent layer of hydrogen, (2) fluctua- 
tions in the number of absorbing atoms in the partially transparent layer of hydrogen, or (3) fluctuations in 
the emission and absorption of layers of hydrogen completely opaque to the photosphere below. Since 
the prominences on the disc have no counterpart in the continuous spectrum we can exclude (1) above. 
Also, if (2) were effective, the bright margins of absorption markings would have to be interpreted as due to 
less absorption of photospheric light due to the removal of absorbing atoms either bodily or by excitation. 
It is unreasonable to suppose that the presence of a prominence can lead to a diminution of the number of 
atoms capable of absorbing the Ha line. We are therefore driven to (3), namely that the brightening of the 
Ha line in a bright margin is due to brighter emission of the hydrogen itself and that the absorption marking 
is due to the absorption of light from this background by the cooler layer of hydrogen. The lowest parts of 
prominence then correspond to the bright emission seen at the margins of absorption markings but probably 
also underlying the whole absorption marking. They are radiating more strongly than the general surface of 
the sun (in Ha light) but are not much raised above the surface of the chromosphere. Since the total width 
of the bright margins (assumed to underlie the absorption marking) is greater than that of the absorption 
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mnrin^g it foUowB on the above interpretation that the lower parts of the prominence are more extenmfO 
tT,aTi the npper parts which is reasonable Absorption of this bright baokgronnd can only be exerted by 
those higher portions of the prominence which are cool This absorption begins at a height of 28 0 (on tlie 
average) and ft-H-BTidu to a height of 38 5 The parts of a prominence above this height are supposed not to 
contain snfBcient absorbmg atoms to effect appreciable absorption and are therefore not represented m the 
absorption Tr»yrTm>g It must be stated nevertheless that the edges of an absorption marking are generally 
quite sharp and unless we can see a reason why absorption should suddenly begin at a definite height so 
to cause a sharp edge we must seek the cause in the build or structure of promimnces 

It must not be supposed without further examination that results obtained in tins bulletin for hydrojffl®t 
absorption TnuTinug a apply equally to calcium absorption niarkings The two kinds of absorption 
may have somewhat different structures In the first place I believe I am correct in saying tha^J^abf 
■ tryarlmi gfl are uot accompamed by bright margins similar to those of hydrogen It ts possii^l^^ 

if not probable that the heights deduced from measures of Ka markings would not be identk^ 

with Ihose of Ha absorption markings Further Bvershed has dh^tm ^ that m calcium prominences ^ 
gases at a height of 29 are moving westwards at about 1 km/ sec faster than the prominences themselves ; ^ 
this movement s shared by hydrogen then m an abscmption marking such as that illustrated m fig 3 1^ 
hydrogen must have passed completely out of the marking in less than 2 hours The absorption marMJSIf 
llustrated in fig 3 has a fairly typical width m round figures 6 OOO kms and if the hydrogen m it is movhl|? 
westwards at 1 km/sec it will have passed out of the marking m 6 000 secs or less than 2 hours as StaW „ 
above Since absorption markmgs frequently last for months we would have to assume in such a case 
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the absorbmg hydrogen must be continuously renewed from below 
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bulletin No. XC. 


SUMMAEY OT PEOMINENCB OBSBEVATIONS FOE THE 
PIEST HALF OF THE YEAE 1930. 


In ijursuance of the programme of work adopted since 1st January 1923 under the auspices of the 

International AstronomicaHJnion, all observatories taking spectroheliograms of the sun have been asked to 

co-operate with the Kodaikanal Observatory by supplying copies of their photographs on those days when 
the Kodaikanal records are imperfect or wanting. In response to our requirements for the first half of the 
year 1930, the Mount Wilson Observatory supplied calcium (Kj prominence plates for 28 days and Ha disc 
plates^ for 14 days, Meudon Observatory supplied calcium (Kj) disc plates for nine days and Ha disc plates 
for thirteen days ; the Pitch Hill Observatory (Mr. Evershed’s) at Ewhurst, Surrey, England, supplied two Ha 
prominence plates and two Ha disc plates. 

When only incomplete or imperfect photographs for any day are available from more than one obser- 
vatory, the best photograph is chosen as representing the solar activity of that day after weighting it according 
to its quality, and the remaining photographs are ignored. 


Calcium prominences at the limb. 

The moan daily areas and numbers of prominences photographed during the half-year by means of the 
K line of calcium are given below. The means are corrected for incomplete or imperfect observations, the 
total of 179 days for which plates were available being reduced to 166^ effective days. 


North 

South 

. 

• t • C 

... 

Mean daily areas 
(square minutes). 

2-90 

2-07 

Mean daily 
numbers. 

6-52 

5-03 




Total - 

4-97 

11-55 


Compared with the previous half-year prominence activity has increased in the northern hemisphere and 
decreased in the soixthern. So far as areas are concerned the decrease in the south is exactly compensated by 
the increase in the north, leaving the total unchanged from those for the first and second halves of 1929. As 
regards numbers the decrease in the southern hemisphere preponderates giving a nett decrease in the total of 
10'3 per cent below that for the second half of 1929. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means 
based on Kodaikanal photographs alone are also given, 158 days of observation being counted as 145 effective 


days. 

Mean daily areas Mean daily 

(square minutes). numbers. 

North (Kodaikanal photographs only) ••• ••• ••• 3T3 6'96 

South ( do. ) ••• ••• 2T6 5'33 

Total 5’29 12-29 
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The distribution of prominences in latitude is represented in the following diagram, in which the 
full Une gives the mean daily areas and the broken line the mean daUy numbers for each zone of 5' of 
latitude. The ordinates represent tenths of a square minute of arc for the full line and numbers for the 
broken line. In the northern hemisphere the distribution is similar to that in the previous half year although 
the activity is, greater ; in the southern hemisphere there is a notable decrease in activity in the region 
35“ to 70”. 



The montbdilfi quarterly ahd half-yearly areas and numbers, and the mean height and mean extent of the 
proji^enices -i^h ^otographs in Table L The unit of area 

of arb. The toean height is derived -b-y adding together the greatest heights reached by 
, ^ prg^^)^mi-oes and dividing by the total number of prominences observed ; the mean extent iff 

by adifing together the- lengths of the base on the chromosphere of individual prominences and, 
^ the totid number of pronainences. 
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Table I.— ABsa?BACT eoe the first half of 1930, 


Months. 

Number 
of days 
(effective). 

Areas. 

Numbers. 

Daily 

means. 

Mean 

height. 

Mean 

extent. 

Areas. 

Numbers, 

1930 








J anuary 

28^ 

144-3 

324 

51 

111 

38*4 

7*4 

February 

27| 

164-5 

312 

5-6 

11*2 

38*7 

7*1 

March ... , , 

26i 

125-5 

862 

4.7 ■ 

137 

337 

6-9 

April 

28i 

147-1 

322 

5*2 

IPS 

343 

71 

May 

29 

163-2 

342 

6*6 

1P8 

33-6 

6*8 

June 

2 Gi 

91-8 

262 

3-6 

10*0 

30*8 

6*1 

First quarter 

82i 

424‘3 

998 

51 

121 

36*8 

6*8 

Second quarter 

8 BS 

402-1 

926 

4’8 

111 

33*0 

67 

First half-year 

IGGi 

82()'4 

1,924 

6*0 

1P6 

35-0 

67 


DisUnlmtion east and west of the sun's axis. 

Unlike the previous half-year, at the east limb there is an excess of areas but a defect of numbers as will 
be seen from the following table : — 


1930 January to June. 

East. 

West. 

Percentage East. 

Total number observed ... 

905-0 

1,018*0 

47*06 

Total areas in square minutes 

421-6 

404*8 

5P02 


Hydrogen prominences. 

During the half-year, photographs of the prominences in hydrogen light were taken in this observatory 
on 146 days which were counted as 137^ effective days. The mean daily areas in square minutes of arc of 
hydrogen prominences are given below :~ 

Mean daily areas 
(square minutes), 

North (Kodaikanal photographs only) 1*22 

South ( do. ) ... TOO 


Total ... 2*22 


The Ha areas are only 42 per cent of the calcium areas. Compared with the previous half-year Ha areas 
show a decrease of 13'3 per cent. The curve of distribution of Ha prominences in latitude is similar to that 
of calcium prominences. As in the case of calcium prominences the northern hemisphere now shows a 
greater activity than the southern, the ratio of the northern areas to the southern being 1*22 and 1'45 for Ha 
1-A 
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and K prominences, respectively. It is thus seen that the northern preponderance is more marked in K 
prominences than in Ha prominences, the opposite being the case in the previous half-year. 

Metallic prominmces. 

Thirty-one metallic prominences were observed during the half-year. Their details are given 
below : — 


Table II.— List of mbtallio PiiOMisriNaBS obsbevbd at Kodaikanal, January to Junb 1930. 


Date. 

Time. 

I.S.T. 

Base. 

J 

Latitude. 

Limb. 

Height, 

!Torth.l 

South. 

' 

1930. 


H. 

H. 

0 

O 



n 

Jajmary 

17 

10 

66 

3 

20*6 


E - 

16 


20 

8 

43 

7 

10-6 


"W 

10 


28 

9 

9 

2 


19 

E 

16 


30 

10 

0 


24-6 


E. 

16 


31 

9 

19 


16-6 


W 

10 



9 

18 

2 

20 


W 

20 

Pebraary 

2 

9 

20 



9 

E 



14 

9 

28 

3 

19*5 


E 

26 


16 

9 

6 

3 


18-5 

W 

15 


20 

9 

10 

2 


11 

w 

15 


23 

9 

38 



12-6 


10 

Hardh 

1 

9 

41 



13 

E 

10 



9 

41 

1 


16*5 

E 

10 


14 

9 

24 

7 


17-6 

■w 

20 


15 

9 

16 

5 

0-6 


w 

30 


10 

10 

1 

30-6 


E 

10 



to 

10 

1 

26*5 


E 

10 



10 

26 

1 

13-6 


W 

5 


26 

*10 

6 

1 


29*6 

■w 

10 


30 

9 

8 

3 

18'5 


E 

10 



9 

2 

3 


11’5 

W 

30 

Apzil 

X 

12 

22 

3 

13*6 


E 

10 


8 

9 

52 

■7 


21'5 

W 

20 


U 

8 

40 

4 

12 


w 

20 


18 

- 9 

2 

3 

18*5 


E 

20 


20 

9 

0 

2^ 

9 


W 

15 


■■ 

8 

43 

3 


17-6 

w 

20 


1 S 


4 


16 

E 

20 


2? 

to 

26 

■ ■ 2 . ■ 

16 


. B 

IQ 

,.:V 


-to 

20 

■ 1-: ■ 



. ."E- 




66 

3 

10-6 


w 












Lines. 


4924-1, 6016, 6018-6, b., b„ b^ b,, 6316-8, 6363, D„ 
Li, 6677. 

4924-1 6016, 6018'6, b*, b,, bt, bi, 6316-8, 6363, Dg, Di, 
6677, 7066. 

4924-1, 5018-6, b*, b„ b., bi, 6234-8, 6276 0, 6316-8, 
6363, La, Li, 7066. 

49241^ 5016, 6018-6, b*, b„ bj, b,, 6316-8, Dg, D,, 

4924-1, '6016, 5018-6, bg, b„ bg, bj, 6316-8, Dg, D„ 6677. 
4924-1, 6016, 6018-6, bg, b„ bg, bi, 6316-8, D„ Dg, 
6677. 

bg, bg, bg, bj, Dj, Dg. Faint, 
bg, bg, bg, bj, Dg, Di. Faint. 

4924-1. 5016. 6018-6, bg, b„ b„ b,, 6234-8, 6276-2, 
53ld-8, 6363, D., Dj, 6677, 7066. 

4924-1, 5016, 6018-6, bg, bg, bg, bi, 6198-9, 6208-8, 5284-8^ 
6268-8, 6270-6, 5276-0, 5276-2, 6284-2, 6316-8 6328-1, 
5363, 6371-7, Dg, Dg, 6677, 7066. 

4924- 1, 6016, 5018-6, bg, bg, b„ bi, 6234-8, 6276-0, 6316-8, 
6363, Dg, Di, 6677, 7066. 

4924-1, 5016, 6018-6, bg, b,, bg, bg, 6234-8, 6276-2, 6316-8, 
6363, Dg, Dg, 6677, 7066. 

4924-1, 6016, 6018-6, bg. b„ b., b,, 6234-8, 6276'2» 
6316-8, 5363, Dg, Dg, 6677, 7066. 

4924-1, 6018-6, bg, bg, b., b„ 5316-8, D., Dg, 6677. 
bg, bg, bg, bg, Dg, Dg Faint. 

4924-1. 6016, 6018-6, bg, bg, b., bg, 62348, 6276-2, 
5316-8, 6363, D,, Dg. 

4924-1, 6016, 8018-6, bg, b„ b„ bg, 6234-8, 6276-2, 
5316-8, 6363, Dg,Dg. 

4924-1, 8018-6, bg, b„ bg, bg, 6234 8, 6276-2, 6316-8, 
6363, Dg, Dg. 
bg, bg, iDg, bg, D g, D^. 
bg, bg, bg, .bg, 5316-8, Dg. 

6018-6, bg, b„ bg, bg, 6276-2, 6316-8, Dg, Dg. 

bg, bg, bg, bg, 5316-8. D g, D„ 6677. 

4924-1, ^18-6, bg, bg, 6234-8, 6276-2,6316-8, 

6363-0, Dg, Dg. 

4924-1, 6016, 6018-6, bg, bg, b„ bg, 5234-8, 5276-2, 6316-8, 
6363-0, Dg, Dg- 
bg, bg, bg, 6316'8, Dg, Dg. 
bg, bg, bg, bg, Dg, Dg. 

6018-6, bg, bg, bg, b„ 6276-2, 5316-8, D„ D,, 7066. 

5018-6, bg, bfc bg, bg, 6234-8, 6276-2. 6316-«i < 

49241, 6918-6, bg, bg, b,, bg, 5316-8, 6363, D„Dg, 6617. 
bg, bg, bg, bg, Dg, Dg,' , ■ 

4924-1, 5016, 5018-6, bg, bg, b„ b,, 6316-8, 6^, 
■;P„6677. . ■-■■-v-nj ■ 
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The distribution of metallic prominences Was as follows : — 


— 

r-io“ 

ir-20" 

21“-30" 

3r~-40° 

I Mean latitude. 

Extreme latitudes. 

North 

4 

10 

4 


17“-0 

0''6 and 30°’6 

South 

1 

10 

2 

... 

16°-3 

! 1 

9’'0 and'2y°’5 


Sixteen were on the east limb and 15 on the west limb. 


Displacoments ,of the hydrogen lines. 

Particulars of the disi')lacements observed in the chromosphere and prominences are given in the follow- 
ing table : — 


T 


Date. 


1930. 

January 1 

2 

5 

() 

11 

12 


IB 

14 

17 


18 

19 

20 


21 

22 


23 


24 

25 
23 


ABLE III.— Displacements op the hydrocbn lines, January to June 1930. 


Hour 

I.S.T. 

Latitude. 

Limb. 

Displacement. 

l^emarks. 

North. 

South. 

E.ed. 

Violet. 

T3oth ways. 

n. M. 

. 0 

0 


A. 

A. 

A. 


9 8 

4 


E 

1 



At base. 

9 8 

1 


E 


()’5 


At top. 

9 10 


6. 

E 

0*5 



At base. 

8 sn 

15 


W 

1 



At top. 

9 0 

If) 


W 

3*5 



Do. 

10 44 

11) 


E 


1 


Do. 

9 7 

03 


E 


1 


At base. 

9 14 

8 52 

12 

4 

E 

E 

1 

0*5 

0*5 


To red at top; to violet at base. 

At base. 

8 48 

22 


W 

1*5 



At top. 

9 B1 

28 


E 

1 



At base. 

9 32 

11 


E 


1 


At top. 

9 '1,2 

8 52 

59’5 

77 

E 

E 

0 5 

Slight 


Do. 

Do. 

10 15 

14 


E 

0*5 



Do. 

11 0 


1*5 

E 


0*5 


At base. 

9 20 


G 

W 

3 

1*5 • 


Both at top. 

12 10 

9 11 

81 

30 

W 

w 

1 

1 


In chromosphere. 

At top. 

9 1 


3 

w 

1 



Do. 

9 0 

3 


w 

0*5 



Do, 

9 55 

59*5 


E 



0*5 

At base. 

10 2 

10 


E 

1*5 



At top. 

9 51, 


55*5 

W 


1 


At base. 

9 61 


48 

w 


0*5 


Do. 

8 45 

1 


w 

2 



Aftop 

10 30 

15 


E 

05 



At base. 

10 12 

55*5 


E 


1 


At top. 

10 16 

10 20 

29 

15f) 


E 

E 

1 

1 


No prominence. 

At top. 

10 20 

15 


E 

2 



At top; extends over 6® from 12® to 








18®; 

10 20 

12 


E 


1 


At top. 

10 6 


32*5 

W 



1 

Do. 

9 66 

20 


w 


1 


At base, 

9 9 

14 


E 


0*5’ 


Do. 

8 56 

4 


W 


1 


At top. 

8 51 

13 


w 

0*5 



At top; extends over 4® from U® to 








15h 

9 17 

11*5 


E 


2*5 


At top; extends over 3® from 10® to 








13®. 

9 4 

.9 


W 


0*5 


At base. 

9 29 

25. 


E 

1 



At top, 

9 26 


3 

E 

3 



No prominence. 

9 4 

10 


W 

BligW 



At top. 

10 28 

36 


E 

1 



At base. 


2 


g40 




February 1 










Latitude. 

— Limb. 

North. South. 


January 26 

. 27 


10 29 25 

9 28 19 

9 33 2*5 


9 8 

It 18 


10 0 

10 13 

9 6 

8 48 

8 44 
8 ^ 

9 23 
8 0 
8 48 
8 48 
8 47 

8 40 

9 38 
9 13 

11 63 

^ m 

9 61 
8 60 

8 46 

9^ » : : 

9 37 

9 4 


44-5 E 
W 


8*2 W 

5-5 W 


66 E 

36*6 B 


W 

W 

E 

E 

4 E 

14 B 

15 E 

13 W 

11 W 

9-5 W 


W 

E 

17 W 

18 W 
W 

2 E 

5 W 

B 

11 W 

W 

w 

w 

w 

23 E 

W 
W 

'796 B 


23 W 

^ W 

33-5 W 


B 

u^6 E 


Displacement. 


lloinarkH* 


Violet. Both ways. 


At top. - 

Do. 

At top; extends over?® ftom— t®to + 
6 ". 

At base. 

At top. 

Do. 

Do. 

Do. 

Do. ■ ^ 

Do 

In a floating cloud» 

At bnao. 

On prominoncG. 

No prominence. ' ^ 

To red at top j to violet at baa«. 

At base. 

At top, 

Do. 

To red at top ; to violet at bftu 
At base. ^ , : 

Extends over S'* from 19* to 2S*. 


At top, 

At base, 

At top. 

At base. 

Ro- 

At top. . 

At top j extends over 3® from 4® to 1ft - . 
At top. 

Do. . - 

Do. 

Do. 

Do, y'".4; 

Do. ■ 

At base. . 

Do. ■ 

At top, . ■ 

To red at base ; to violet at top. ^.0 
At top i extends over 4" from 0* to 18^+ 

At top ; extends over 3" from ■ " 


At top. 
At base. 


At ba^ 




At top. 
At base. 
Do. 
Do. 

At top. 

Do: 




At top. 

Do. 

Do. 

At base. 

At top. 

Dck 

No jprominenoe* 
At base. 

D04 
At top. 

Do. 

At base* 




'.i.: 
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Hour 

I.S.T. 

Latitude. 



Displacement. 


Date. 



- Limb, 




Eemarks. 

North 

. South, 

Eed. 

Violet. 

Both ways. 





1930. 

TI. M. 

o 

o 


A. 

A. 

A. 


March 1 

3 

9 32 

9 1 

10 

29 

E 

E 

1 

1 


At top. 

At base. 

8 

9 

13 

8 58 

10 4 

10 1 

9 54 

9 19 

2 

6 

23 

10 

7 

W 

w 

E 

W 

W 

0*5 

0*5 

1 

1 

1 

0*5 

1 


At top. 

To red at top. 

At base. 

To red at top ; to violet at base. 

At base. 

14 

9 11 

9 33 

9 36 

14 

2G 

31*5 

w 

E 

E 

1 

1*5 

1 


At top; extends over 4” from 12° to 16°. 
At top. 

Do 

15 

9 24 


20 

W 


2*6 


At base 

10 3S 

70 


E 


1 


Do 

16 

8 37 

82*5 


E 

2 



At top. 

Do. 

17 

9 6 

25 


E 

0*5 



19 

21 

8 50 

71-5 


W 

Slight 



At base. 

9 49 

10 55 

25 

9 

W 

W 

0*5 

1 


No prominence. 

22 

23 

9 24 

9 32 

19 

11 


E 

E 


1 

1 


At top. 

Do. 

28 

9 21 

18 


W 


1’5 


Do. 

29 

10 16 


14 

W 


Slight 


Do. 

April 1 

12 22 

14 


E 

1 



At top. 

2 

9 21 

25 


E 


0*5 


Do.^ 

4 

9 6 


31 

! E 


1 


Do. 

5 

10 33 

11 


1 El 



1 

Do. 


10 33 

9 


E 


1 


Do. 


10 26 


74-5 

E 

1 



No prominence. 

7 

8 58 


6 

W 


1 


At base. 

9 

10 

10 15 


4*5 

w 

2 



On prominence; extends from 3° to 6". 

10 15 


77’5 

w 


1 


At top. 

11 

8 49 


16 

w 

0*6 



Do. 

12 

9 32 


30 

w 


1*5 


At base. 


8 32 

49*5 

E' 


0*6 


Do. 

15 

8 14 

12 


w 

1 



At top. 

10 12 


30 

E 


0*6 


At base. 

17 

8 60 

82*5 

E 

1 



At top. 

18 

8 48 

13 


W 

0*5 



Do. 

20 

9 20 


29*5 

E 

1 



At top ; extends over 9° from 25° to 
34°. 

To violet at base. 


9 5 


10 

W 

1*5 

1 



9 0 

0 

w 


2 


At top. 

24 

9 28 


24*5 

E 

1*5 



At top ; extends over 3° from 23° to 
26°. 

At top; extends over 3° from 28° to 

Q1® 


9 28 


29*5 

E 

1 




9 8 

26 


W 

Slight 



ojL • 

At top, 

25 

9 5 

43f> 


w 

0*5 


Do. 

9 36 


26 

w 


1*5 


Do. 

20 

9 13 


7 

w 

2 



Do. 


9 19 


6 

w 



1 

At base. 

May 1 

9 35 


14 

E 

1 



At top. 

2 

9 35 

40*5 


E 



Slight 

At top. 

4 

0 10 

29 


W 


1 

9 8 

36 

W 


1 


At base. 

5 

8 46 


40 

w 

1 



At top. 

11 

10 59 


14 

w 

0*5 



Do. 

12 

8 58 

26 

w 

0*5 



Do. 

16 

9 25 


11 

E 



1'6 


17 

8 46 

51 

W 



Slight 

At base. 

18 

8 43 

9 


E 


0*5 

20 

8 49 

47 


E 


. 0*5 


Do. 


8 52 


2 

W 


1 


At top. 

22 

9 44 

77'6 


E 

0*5 


0*5 


10 25 

15 


E 



At top. 


10 45 

31 

E 

■ 

1*5 
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Date 

Hour 

1ST 

Latitude 

Lamb 

Displacement 

Et mai ks 

North 

South 

Bed 

! Violet 

Both ways 

1930 

H M 


o 


A. 

A. 

A 


May 22 

9 55 

32 


W 

1 

15 


To red at top to violet at base 

25 

8 60 

11 


■E 

06 



At base 

29 

9 48 


11 

W 

Sh^?ht 



At top 


9 16 

26 


w 

06 



Do 

30 

9 24 

8 


w 

16 



Do 


9 7 

45 


w 


1 


Do 

31 

9 12 


69 

E 


1 


Do 

June 2 

10 0 

12 


W 

15 



Ab top 


10 0 

16 


W 

05 



At base 

5 

9 12 

115 


W 

25 




6 

8 55 

15 


W 


Slight 


At base 

12 

9 5 

145 


W 

Shght 




17 

9 15 


26 

E 

05 



At base 


9 19 


31 

w 


05 


Do 

24 

11 42 

12 


w 

16 



At top 


11 40 

245 


w 


15 


At base , extends over 8® from 23* to 









26 


The total number of displacements ms 197 as against 250 m the preTious half-year and their distribution 
■was as foUo'ws — 


Latitude 

North 

South 

o 

0 

1 

88 

58 

3l°— 60° 

20 

14 

61°— 90° 

11 

6 

Hast limb 

West limb 

Total 119 

Total 

78 

95 

102 

197 


Reversals and displacements on the sun’s disc 

Three handred and sixteen bright reversals of the Ha line, 306 dark reversals of D, line and 80 
displacements of the Ha hne were observed dnring the half year Their distnbution is given below 

'N'n'rhTi Sl/\n4-.Vi •nr l 

Bnglit reversals of Ha 
Dark reversals of Bs 
Displacements of Ha 

— wr 

TwHity one diiplaoemmt, tomris fh, red, 4 to^, a. 5 b„u. ™y> smmitmaoildy 

Prominences projected on the disc as absorption markings 

Photographs of the sun’s disc m Ha hght were available from Kodmkanal and the co-operating obswTa- 
toes for atoM of 177 days, which were counted as 174i efEective days The mean daily areas of Sa 


North 

South 

East 

West 

196 

120 

168 

148 

192 

114 

161 

145 

19 

11 

15 

15 


Northi 

South 


Mean daily 
areas 

2,266 

2,031 


Mefin doily 
numbers 

14 23 
10 07 


Total 


4,297 


24 30 
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The above sbov/ an increase of about 2 2 per cent in areas and a decrease of about 4’8 per cent in numbers 
compared with the previous half-year. The preponderance of activity has now shifted back again to the 
northern hemisphere. 

For comparison with bulletins issued prior to the co-operation of other obseryatories, the means based on 
Kodaikanal photographs alone are also given, 156 days of observation being reckoned as 149| effective days. 


Mean daily Mean daily 

areas. numbers. 

North (Kodaikanal photographs only) 2,180 14‘06 

South ( do. ) ... ... 1,963 9.96 


Total ... 4,143 24-02 


The distribution of the mean daily areas in latitude is shown in the following diagram. The distribution 
is similar to that of the previous half-year except that the secondary maximum near 50° has disappeared in the 
southern hemisphere. 
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The aresus as well as nnmbers are almost equally divided between the eastern and western hemisphereSr 
the percentage east being 50*1 for both. 

When the data for the areas of absorption markings were begun in Kodaikanal Observatory Bulletin 
No. XXIX it was considered that the projected areas should be corrected for the curvature of the sun’s surface 
by multiplying by the secant of the angular distance of the marking from the centre of the sun’s disc* This 
practice has been continued up to the present although it has been known for a long time that the projected 
areas do not actually vary according to such a law* The correction hitherto applied must thorefore^ sooner or 
later, he dropped. Since the law of variation of the projected areas has not yet been established it seems 
preferable to give the projected areas themselves without applying any correction. Until the effect of this 
change becomes clear the areas corrected as hitherto will continue to be given in future bulletins along with 
the nncorrected areas. Below are given the uncorrected projected areas for the first and second halves of 1929 
and the first half of 1930. 

Mean daily areas 



(unoorrected for foreshortening). 


Jan.— June. 

July— Dec. 



Jan.— Juno. 


1929. 

1929. 

1930. 

North 

... 1,319 

1,069 

1,307 

South 

... ... 1,288 

1,408 

1,191 


Total ... 2,607 

2,477 

2,498 


Oomi)ared with the corrected areM the xmcorrected areas amount to 58*3 per cent, 58*9 per cent and 
581 per cent respectively of the corrected areas for these half-years. The curves of distribution in latitude 
are not much affected but it is not expected that this will hold when there is high latitude activity. 

Thanks axe due to the co-operating observatories for the photographs supplied by them. 


KODA IK A N Ah, T. ROYDS, .. t. ' 

%Wh February 1931. Director ^ Kodaikanal and Madras 
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BULLETIN No. XCL 


ON THE SPARK SPECTRA OF LEAD 

BY 

A. S. RAO, M.A. (hons.) 


The spectrum of Lead has bean the object of many investigations. Yet until recently little progress has 
b een made in the identification of series relationships in the arc and spark spectra of the element. This 
element is the chemical analogue of 0, Si, Ge and Sn ; and since it has the same number and type of outer 
electrons its spectral structures may be expected, according to present-day theories, to resemble those of the 
abovementioned elements. Such resemblances between homologous spectra are often very close, though 
there are occasionally » minor but significant differences, which may perhaps prove of importance in the 
refinement of modern atomic theories. Recently through the work of Thorsen\ Grotrian®, Sur® and McLennan^ 
a distinct advance was made in the analysis of the arc spectrum of Lead. The first spark spectrum of the 
element was investigated by Geissler.® 

The preliminary attempts at the 'classifications of the second and third spark spectra of Lead, from the 
existing lists of published wavelengths was seriously handicapped by the lack of descriptive data. Descrip- 
tions of arc and spark spectra of the element in limited wavelength intervals have been published by various 
observers. The most reliable ones up to the year 1911 are quoted by Kaysar in V olume VI of the Handbuch der 
Spectroscopie. They are by Kayser and Runge® (arc spectrum 2085 to 6002-A,U.), by Thalen^ (spark spectrum 
4058 to 6656 A.XJ,), by Exner and Hasohek® (arc spectrum 2237 to 6002 A.U*, and spark spectrum 2170 to 4572 
A.U.), and by Eder and Yalenta® (arc spectrum 5609 to 7229 A.U., and spark spectrum 4272 to 6793 and 
2088 to 2733 A.U.). Since the appearance of this work in 1912 the spectrum of this element has been 
reinvestigated by Klein^°, with greater accuracy by using a 20 feet concave Grating Spectrograph. All the 
abovementioned measures were based on Rowland’s system of standard wavelengths. In addition to these, 
contributions to the spectra of Lead have been made by Kimura and Nikiimura^\ who, by photographing the 
cathode spectrum grouped some of the important lines under successive stages. No attempts were made by 
these authors to measure the wavelengths accurately. Only after the present work was begun was the writer 
able to procure a paper published by S. Smith^®, who photographed by means of a two-metre concave grat- 
ing, the vacuum spark between electrodes of the metal, in the region 2400 A to 4800 A. It is found however 
that the hot spark does not give the highest members of spark lines, which I have been able to photograph 
with the highest excitation in the condensed spark* This is clearly seen from an examination of the 
writer’s spectrograms (plates II and IV), 

The measurements till now available are not sufficient for a complete analysis of the spark spectrum of 
Lead, since it is desirable to know the degrees of excitation at which the various lines appear and also to 
know the character of the spectrum lines, i.e., their sharpness, diffiuseness, etc. The experiments of the 
writer were therefore aimed at photographing the whole region ,2050 to 7000 A, with higher dispersion and 
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under difiEerent degrees of excitation as a preliminary to the analysis of the higher spark spectra IPhil 
results show that the procedure is justified many additional lines having been discovered m this work 
new observations of the spark spectrum together with the lines which have been classified in the spectra of 
Pb III and Pb- lY are presented In th\i paper In addition to the acctirate meastiremtot of wav^ 
lengths attempts have been made in this investigation to improve upon tlio earlier loSoriptions by 
iQ ^kmg a careful selection of the lines characterising Pb I Pb II Pb III and Pb IV This critical diflter 
entation of hnes belonging to different stages U generally made by photographing the spectrum under 
varymg degrees of discharge 

To provide data hkely to be useful in identify ng the spectra of higher stages of ionisation a struSy 
was made of the spark spectrum of pilfe Lelid in air in vadrlO and in ah atmosphoro of hydiogen at varying 
pressures and also of the are in vacuum between electrodes of the pure metal The spark was produced by 
a ^ kilo watt 20000 volt transformer The secondary contained a battery of large plate condensers of oapa 
city 0 03 mfd (constructed for the purpose) ifi phtallSl vfith thd spaik^ap in the expcumental chamber 
To distinguish hnes due to different stages of ionisation the spectrum waa photographed under varying 

degrees of discharge which is done by including in the secondary circuit a variable self inductance and 
capacity 


Desenpkon of apparatus 


Sources qf radiation The apparatus used for the study of the spaik speobruin is shown in diagram t 
It consists of a pyrex bulb capacity about one hfere with side openings BI thiough which the eleotroS^ 
pass To the ends of these small pieces of metal can be fixed A plane plat of quari -«5 is attached to ^ 
end of the long projecting tube and serves as a window through which the spectrum of the spark la plic^ 
graphed. The two side tubulures (TT) are intended for filling the flask with hydrogen I^are tydroi^ 
gas from a generator after passing through drying agents is passed through the flask for nearly 30 
thereby driving the last traces of air from the flask By connecting the flask then to an air pump tJio 
could be exhausted to any desired pressure and the spark spectrum photographed 
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The spectrum of the vacuum^ arc of the metal was photographed, psipg a specially construpted arp ]amp 
as the source of radiation. A. diagrammatic sketch of the yacuuni arc is given to Figure II. It conaigts of a 
double-walled cylindrical vessel fitted with a vacuum joint for one electrode and an aperture opppgite for 
light to emerge. The second electrode passes through a similar joint in the base of the lamp and th.e dip 
for the specimen is arranged so that the arc is struck as close as possible to the window, without arcing to the 
wall taking place. The lid of the vacuum chamber is a bronze disc, which has been ground to make a tight 
joint which can be sealed with suitable vacuum wax or grease. Connection to the vacuum pump is made 
through the base of the lamp and nozzles are provided so that the cylindrical wall may be kept cool with 
circulating water. Each electrode consists of a brass tube passing through a gland and having an insulated 
wire passing through it. Electrical commotion is made to the terminal situated on the ebonite handle 
provided for the manipulation of the arc. The glands have been filled vdth vacuum grease for maintain- 
ing a vacuum. The lamp operates steadily with currents varying from 4 to 6 amps. 

Fio. 11. 



Spectrugraplis mnployed. The spectrograms were obtained in the first and second order of a 4‘inch 
concave grating, of 10 feet radius of curvature in eagle mounting. These were supplemented by several 
plates taken with a Plilger Fa Quartz spectrograph, which ' is usod nof only to record the faint lines in the 
ultra-violet, but also for wavelength measurements in the region 2550 to 205Q-A. In this region this spectro- 
graph compares favourably in dispersion and resolving power with the concave grating spectrograph apd at 
the same time, has a good light gathering power. Comparison spectra of the iron arc are impressed on the 
plates after each of the exposures, The spectrograms are obtained on photographic plates of thin glass 
which could be bent to tlie focal curves of the spectrographs- The repion 3600 tp 6500-A was also yispally 
examined, with a view tp stpdy the hehavipm of the lines under dilfersrt condifipns of excitation, by a 
constant deviation spectrograph. For photographing the region below 2500-A, the plates were sensitized in 
the manner described in Volume II of Ba}y’s Spectrpscopy, with comptometer oil The exposure times 
ranged, in the case of the concave grating spectrograph from 10 to 30 minutes, while in the case of the 
quartz spectrograph, up to 2500-A, the times ranged fyom 5 to 10 minutes and in the region 2500 tp 20h0-A 
exposures of 15 to 30 miputes were given. 

1-A 
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Method of wavelength determination —M\ plates were measured ni two directions witli a Hilger 
comparator and the wave length measurements were made relative to International Secondary Standards in 
%e spectrum of the iron arc For the region below 3370 A the iron arc wavelengths published by Bums 
were used In the case of the prism spectrograms the wavelengths were calculated by means of Hartman s 
dispersion formula H — ^ 3 - where c and n are constants determined from the comparison spectrum 

and n the distance of the unlmown Ime from a fixed point of reference on the plate Spectrograms obtained 
with the grating are measured by using a linear scale 

Intensity estimates were made directly from the plates as viewed in the measuring micioscope on a scale 
of 0 to 10 The vacuum wave numbers corresponding to the observed wavelengths are taken from Kayser s 
Tabelle der Schwmgungszahlen and are given m column 3 of Table I In column 1 are given the observed 
wavelengths in I A In column 2 are given the intensity estimates in column 4 tlio stages of ionisation 
of the pronunent Imes and in column 5 are given the lines classified in this investigation The symbols 
accompanying the intensity values have the following meanings - 

s = sharp d = diffuse bd = broad and diffuse and dd = very diffuse 


Tablb I 


Wa ©length j . 

(lA,) 


655 82 
760 90 
80465 
884 98 
908 54 
922 5 
97947 
995 8 
1028 7 
103ff5 
1048 9 
1059 3 
1069 2 
10747 
1087 34 
1096 5 

1103 6 

1104 8 
11150 
1116 2 
lUSfi 
112346 

nm 

11460 

,np% 


3 
0 
1 
6 
6 

4 
2 
2 

10 

3 

12 

1 

2 

3 
2 

Id 

Od 

Od 

2 

4 
B 
3 
1 



W 

umber 

cm-^ 

152439 

131420 

124293 

112997 

110067 

108401 

10209b 

100422 

97210 

97040 

95338 

94400 

93528 

93049 

91968 

91189 

90613 

90610 


89590 

89397 

89012 

8'?497 

87336 

85830 

86690 

81216 

81068 

79662 

78^33 

78486 

78167 

73441 

76i6(l 

73981 


71093 


St g and lassfi ti n. 

lY 6 D— 7p P 
IV 6 D -7p P 
IV 6 D -7p P 
IV 6 D,-7p P 

IV 1 P —2 8 
IV 1 P-1 D 
IV 6 Dr-7p Db 
m 1 P-1‘P 
IV 1 S-1 P 

m ifp— 1 D 
in 1 s-1 p 

IV 6 »I)-7p *P 

in 1 p-i D 
ni 1 p— 1 D 

IV 6 Da- 7 pi P 
IV 6 D- 7 p D 
rv 6 D- 6 p D 
IV 6 P 

m i»p-i s 

IV 1*P-1 D 

m 1 p-i D 

rv 1 Pis -2 8 
m 1 p-i p 

rv 1 p-i D 
in 1 p -1 p 
m 1 p-i s 
in i>p IF 

IV 6 Db- 7 p d 
ni 1 Pf-i D 

In 1 p*— in) 

ni l»Pjr I'D 
IV 6 D— 6p P 
IV Otf* D -6pi D 
iV 1»S-2P 
IV 6si‘*D«-7p» P 
ni LPy-^lp 

in i»p-is 

rv 6 b^ Dj — 6p D 


W 1 Bth 

(IA)“ number n Stage nd lassifl ation 

6 D(s— 6p P( 

1 8-1 P 
1 P -1 Dj 
IP— 1 D 
1 P — 1 D* 

6 Ds — 6p P 

1 P-1 S 


1439 2 

Id 

69478 

IV 

15531 

20 

64387 

III 

1697 8 

0 

62686 

III 

16101 

1 

62107 

III 

17111 

4 

68442 

III 

1749 9 

1 

67146 

IV 

1826 2 

0 

64759 

III 

wnt me s b 

gi her 


206043 

3 

48518 0 


2088 66 

2 

47864 8 

I 

2104 41 

2dd 

476041 


2107 73 

6dd 

47429 3 


2110 76 

3 

47361 6 


2114 98 

Idd 

47266 8 

I 

2132 21 

3b 

46884 8 


2142 83 

5b 

46662 6 


2162 64 

4 

464B9 9 


2169 86 

lObd 

46071 4 


2174 61 

Odd 

46970 8 


2178 72 

1b 

46884 1 


2189 76 

6 

45662 8 

I 

219243 

2 

46597 2 


2203 62 

8dd 

46365 7 

II 

221821 

3 

46067 3 

I 

2237 48 

8b 

44679 2 

I 

2242 67 

6 

44675 8 


2246 83 

lObd 

44493 3 

I 

2264 13 

3dd 

44349 2 

I 

2259 76 

Odd 

44238 8 


^264 73 

1b 

44141 7 


2276 68 

3b 

439119 


2280 61 

Is 

43836 3 


^87 62 

Ibd 

43702 0 


2290 17 

Odd 

43651 4 


2293^2 

Ibd 

436971 


2294 16 

0 

48576 6 


2296 65 

2 

435282 


2300 36 

4s 

43458 2 

IV 
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Wavelength 

(I.A.) 

2308 12 
2312-70 
2317-45 
2332-48 
2343-72 
2363-91 
2360-19 
2368-54 
2370-27 
2382-28 
238601 
2389-12 
2393-88 
2399-76 
2402-16 
2411-79 
2416-13 
2418-78 
2424-21 
2428 70 
2433 66 
2443-91 
2446-30 
2463-21 
2476-38 
2478-63 
2494-07 
2496' 61 
2497-16 
2508-87 
2527 06 

2533- 38 

2534- 81 
2562-37 
2568-48 
2677-34 

2613- 78 

2614- 28 
2628-37 

2637- 81 

2638- 53 
2640-51 
2650-33 
2967-15 
2663-23 
2697-60 
2712-81 
2717-38 
2719-97 

2733- 23 

2734- 68 
2737-00 
2740-87 
2745-61 
2752-15 
2766-81 
2802-00 
2823-25 
2833-12 
2864-45 


Tablb l—cont. 


Wave 

Int. number Stage and classification, 
in om.-^ 


Wavelength t x 
(I. A.)® 


Wave 
number 
in cm.^^ 


Stage and classification. 


Obd 

43312-7 


2868-19 

3 

34855'0 


Od 

43226-2 


2873-33 

10 

34792-6 

I. 

2dd 

43137-6 


2937-65 

4 

34032-0 

IV 

8bd 

42859-7 

L 

2949-45 

9dd 

33894-7 

II. 

la 

42654-1 


2977-98 

9 

33570-0 

I. 

Od 

42469-5 


3002-65 

5s 

33294-2 

II. 

Idd 

42356-6 


3010-19 

3s 

38210-8 


2d 

42207-2 


3016-63 

8dd 

33139-0 

II. 

Os 

42176-4 


3025-66 

2d 

33042-3 


3s 

41963-8 


3028-77 

2 

33007-1 


2s 

41898-2 


3031-68 

4s 

32975*5 

IV. 

4s 

41843-6 

I. 

3043-90 

10 

32843-1 

Ill 

7dd 

41760-6 


3052-64 

10 

32749*0 

IV. 

3s 

41668-1 


3056-84 

4 

32704-0 

IV PD 2 -^P 2 . 

7bd 

41649-3 

T. 

3062-42 

4 

32644-5 


Gbd 

41460-4 

I. 

3071-64 

4 

32547-5 


0 

41375'9 


3087-13 

5 

32383-2 

IV. 

0 

41330-6 


3089-17 

7 

32361-8 

Ill PBa-PPg. 

0 

41238-0 


3103-00 

4 

32217-6 

III. 

8bd 

41161-8 

tv 

3109-27 

2 

32152-6 


2s 

41078-1 


3118-17 

5 

32060-8 

I. 

lObd 

40905-6 


3129-62 

4 

31943-6 

III. 

lObd 

40865-7 

L 

3137-87 

10 

31859-5 

in i 8 D 2 -m. 

2 

40685-2 


3146-70 

4 

31780-8 

Ill, 

9 

40369-3 


3176-59 

10 

31471*2 

III 

3 

40332-7 


3191-49 

1 

31324-3 

III 

2d 

40083 0 


3214-82 

0 

31097*0 


3d 

40058-3 


3221-00 

10 

31037-3 

IV 2^P2. 

2s 

40033-4 


3227-16 

3 

30978*1 

IV. 

2 

39846-6 


3231-31 

3 

30938*3 


3dd 

39659-8 

II. 

3240-21 

9 

30853*3 

I. 

3dd 

49461-1 

IV, 

3242-96 

9 

30827*3 

Ill 22 D 3 - 23 F 3 . 

3dd 

39438-8 

IV. 

3247-70 

2 

30782*2 


10 

39014-7 

III. 

3262-41 

3 

30643-4 

I. 

6 

38921-9 

IV. 

3276-15 

9 

30514*9 

Ill 23P,-23D2. 

8 

38788-1 

II. 

3279-30 

9 

30485*6 

HI. 

10 

38247-4 


3280-09 

9 

30478-2 

IV 18B3~-23P. 

5 

38240-0 

I. 

8298-04 

9 

30313-3 

Ill 23p,-~23Bi. 

G 

380351 

X, 

3309-22 

8d 

30209-9 


3 

37899-0 


3360-40 

4s 

. 29749*8 


3 

37888-0 

11 . 

3361-59 

4s 

29739-3 


3s 

37860-2 


3366-93 

5s 

29701*0 


Gdd 

37719-9 


3437-15 

2s 

29085*6 

III. 

4b 

37623-1 

I. 

3452-17 

6d 

28960-0 

II. 

10 

37537-2 

I. 

3455-18 

8d 

28933-8 

HI. 

5d 

37059-0 


3476-27 

0 

28758-3 


0 

36851-2 


3483-46 

9 

28698-9 

Ill 

6d 

36789-3 

II. 

3606 37 

3d 

28619-5 

Ill 

3d 

36754-2 

JI. 

3530-39 

3 

28317-4 


2 

36575-9 

I. 

3534-06 

3d 

28288-0 


2 

36657-9 

r. 

3560-76 

. 6 

28076-0 

Ill 11 B 2 -PF 3 . 

2 

36625-6 

I. 

3563-06 

4 

28057*8 

nr 

2 

36474-0 


3565-26 

1 

28040*5 


4 

36412-4 


3567-16 

B 

28025-6 

HI PB2-i8. 

1 

36324-5 

IV 

3672-79 

10s 

27981-4 


0 

36276-3 


3586-29 

6d 

27876*0 


10 

35678-3 

I. 

3589-81 

7d 

27848-7 

Ill BFa-Ba. 

10 

35409-8 

1. 

3692-95 

6s 

■ 27824*4 

IV 22B3-^2^F3. 

10 

35286-4 


n621-10 

Is 

27608*1 


10 

34900-5 

TV 2'‘F2~-'2»r»3. 

3639-66 

10s 

27467*3 

1 . 


2 
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Table 1—cont 


Wavelength 
(I A) 


Int 


Wave 
nninbei m 
om ^ 


Stage and olaBSificaiiiDn 


8648 61 

Ibd 

274001 



3665 56 

8d 

27847 8 

in 

l*Fa-l«G, 

366564 

0 

27272 6 

III 

367148 

lOd 

27229 3 

I 


3674-76 

4 

27205 0 

ni 


3683 67 

lOfl 

27139 9 



8689*22 

8fl 

27098 2 

III 

I'Si— 

8699 62 

Obd 

27022 9 



3706 22 

3d 

269740 

in 

2«P„— 2 »Si 

3714 10 

6dd 

26916 8 

n 


3719 30 

2dd 

26879 2 



3729 06 

4 

26808 8 

in 

2*Pi-2»Sj 

3736 98 

7 

26769 2 



3740 13 

10s 

26729 6 



8749 22 

1 

26664 7 



3786 20 

8d 

26404 2 

II 


882766 

8d 

26118 2 

III 

2iPa— 2 ‘Dj 

8882 94 

10a 

260823 

in 

2*Pi~o( 

8841 88 

lOd 

26021 9 

in 

2«P8-2»D, 

385411 

10b 

25989 0 

in 

l»Si— 2»Ps 

387322 

iB 

25811 U 

IV 

3909 29 

6d 

26572*9 

IV 

2*Pi 

3927 74 

3b 

25452 8 



3943 79 

Ibb 

253492 



89B211 

8d 

26296 8 

ni 

l«Po— 2>Po 

8962*58 

8s 

25220 8 



3994 98 

}& 

260241 



400435 

Sb 

24966 8 



4019 65 

8b 

24870 8 

I 


4081 48 

3d 

24797 8 



^51 

1 

247868 



4049i@ 

7s 

246851 



^01 

lOdd 

246858 

I 


4062 22 

8b 

246102 

i 


407744. 

24b 

2461f« 



409504 

2d 

24412^ 



4128^ 

m. 

mmo 

in 


414156. 

0& 

241387 

m 

1'Px-2‘P2. 

415899 

3db 

240665 


416805 

7b 

23966-3 

L 


417488 

4a 

289488 

ni 

1*0,— 1*F, 

418240 

8b 

23903-0 

IV 

2*Sx— 2»Px 

424260 

8dd 

285644 

II 


42464) 

10 

23647^ 

n 


427264 

8b 

238992 

nx 

1*0*— 2‘Px 

4386 89 

10 

227808 

n 

440095 

% 

22716^ 

m 


4447 IrO 

fkil 

^K1 

22480^ 



449612 

8b 

2^23^ 

HI 

1*02-2»P*. 

449978 

2 

2221^ 



Wavelength. 
(I A) 


6039 12 
6081 81 
6379 98 
6660 16 
6792 94 


Int 


Wave 
number m 
om"*^ 


Stage and claBBiha$tit^ 


4534 64 

3d 

22046 8 




457145 

7s 

218688 

UI 

2«P2-2aSi 


4605 28 

Sad 

21708 1 



4630 -18 

6b 

21686 8 




4761 00 

8s 

20998 1 

IIT 

l>Si-2>P^ 


4798 27 

6b 

20835 6 

III 

13S,-.2»P, 


4802 18 

6a 

20818 1 




4827 15 

0 

207104 

III 

2^Pi---23S^ 


4865 20 

1 

206907 




4886 71 

1 

20462 2 




4941 12 

Id 

20232 7 




6003 59 

Sb 

19980 1 

in 

2^Pi— a 


o006 68 

6a 

19971 8 




6043 21 

10 

198231 

II 



5062 91 

3s 

1974G 0 

ni 

1»D2-2^Px 


5066 24 

3b 

19733 0 




6117 31 

2ad 

19536 1 




6139 42 

2b 

19452 0 




5163 75 

6b 

19360 4 

IV 



6192 29 

ba 

19263 0 

III 

l*Di-2»Pi 


6201 66 

6b 

19219 3 




6207 17 

6d 

19199 0 

III 

18Pi-2»Pi 


6220 42 

2dd 

19150 2 




62o2 33 

3d 

19033 9 

III 

l>fi-2»Po. 


627461 

4s 

189o3 8 

IV 


T 

6372 65 

10 

18607 6 

II 



6471 80 

1 

18270 6 

II 



6496 61 

Is 

1M88 0 


l»D*-2'i^, f" 

: 

5623 60 

5b 

18099 4 

III 


6544 60 

1 

18030 6 



4 

564611 

10 

18028 9 

n 

t : 

6609 18 

10 

17823 0 

II 

r>i •)< : 

6664 49 

3b 

17649 0 


1 jr* 


6677 63 

3s 

17608 4 



6678 89 

3b 

17604 2 



i ■'> : 
J(tf : 

6707 67 

2b 

17516 4 




5779 76 

4b 

17297 0 

in 

IIDb-S'P* . 


5828 12 

3sd 

171634 



•c* 

6867 69 

6b 

17067 1 

in 


% 

5876 65 

7d 

17011 8 

II 



6890 33 

6b 

169723 




6893 01 

6s 

16964 b 



6930 31 

2s 

16857-9 



6941 05 

2b 

16827 4 


ft 


600213 

6b 

16656 1 


^ ] 


5b 

3dd 

1 

8|9 

8b 


166541 
16437 9 
16669 7 
16010 6 
14717 1 


II 

n 

n 


^ ^ ^ i 


lufljifiiexsli io spee^tograms and wavelenglih measures obtained by the author, the waveSfefl^^^ffi 
OwToI aad^a^jhav® been ased for ttie regfion 3100 A " 

I qf Pb III ' 

SV<H9^«ita^pwitnofi of jPb in the table of elements it must be expected that the second ^parKfi 
oonsi^s> of singlets and tid|flsHs andlfiiat the stfucture resembles generally that of the chemieallyA 
atom or mn 0 m, Si III, Oe Hi, and Sn III , Al II Ga II, In II and Tl 11 All these, exempt ]» 
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Pb IV, have already been analysed. The present work on Pb III, Pb IV, therefore completes onr knowledge 
of the series regularities in the spark spectra of elements of the fourth group. According to the theory of 
spectra developed by Pauli-Heisenberg, Russel and Hund, the characteristic terms arising out of any 
electronic configuration can be predicted with certainty and it will be seen that the results of the analysis of 
these spark spectra are in complete agreement with the theoretical predictions. The structure diagram of 
doubly ionised Lead may be written in the following manner : — 

Table II. 

K 

2 

L] La 
2 6 

Ml Ma Ms 
2 6 10 

Ni Na Na Na 
2 6 10 14 

01 O3 Og 0| 

2 6 10 

Pi Pa Pb ... 

2 

Qi Qa ... 

There are two electrons outside the complete spectroscopically neutral shells, which alone are effective in 
producing the optical spectrum. The most stable structure is that in which the two valency electrons are in 
the Pi level. The spectroscopic term corresponding to this configuration is 'Sg. Other less stable configura- 
tions and their characteristic terms are obtained by keeping one of the electrons in the Pi orbit and allowing 
the other to run through the orbits Pg, Qi, O4, etc. The terms that these different electron configuration give 
rise to, may be predicted by the Hund Theory and are shown in the following table ■ 


Table III. 


Electron 

configura- 

tion. 

Terms 

predicted. 

Terms 

observeci. 

2 

p. 

.l^So 

PS 

iPi 

IPb 

i®p, i*p 

I'P, FP 

iPi 

IQ. 

I'Si, 2'So 

I'S, 2'S 

IP. 

104 

aT, a‘F 

... 

iPi 

ipg 

I'D, I'D 

I'D, I’D 

IP. 

IQa 

2"P, 2'P 

2'P, 2'P 

IP, 

IR, 

2'Si, 2‘So 

2'S, 2*S 

IP. 

10. 

I'F, I'F 

I'D, I'F 

IP. 

10b 

I'G, l.^G 

1*0 

IP. 

IQb 

2'D, 2”^D 

2'D, 2'D 

2 

Pb 

I'P, I'D, *S 

I'P 


The first clue to the identification of the triplet systems in Pb. Ill was the detection of the fundamental 
group I’D — 1"F, which should occur in the visible and quartz regions and which could be examined under 
different experimental conditions. Observations have also been made in the visible region with a prism 
spectroscope to find the intense triplet I® Si — 2 "Pow The result is the identification of the prominent triplet 


given below : — 


Table IV. 


\ 

Int. 

V 


3854'05 

12 

25939*4 


47Gr00 

6 

20998*1 

2-A 

4798'27 

4 

20835*0 
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The choice of this is further suppoited by the detection of the member i"D{»s — 2®P, m the calculated 
legion and by the identificatioii of the triplet 2"P — 2^8 of the sharp secondary senes The 2"P separation 
(4:941) is found to be in complete agreement with the value predicted from the relativistic doublet law 

The first principal, sharp and diffuse senes fall in the extreme ultraviolet which does not lend itself to 
caieful examination of the lines Attempts were therefore made to fix by extrapolation and then to seek for 
confirmation by correlating the corresponding members of the spectra of coi responding elements A. very 
valuable clue to the detection of these members is afforded by the application of the ruJativity laws to isoelec- 
tronic spectra of Hg-hke atoms 

An approximate idea of the l*Pw separation was obtained from the legiilar doublet sequence and from 
the relation that m the spectra of the same vertical group of the periodic table f is approxirnatt ly 
constant These give for l"Pia a value of about 14000 and for 2"Pi9, a value between 4000 and 5000 

The following table shows the regular doublet sequence for I'Pig and 2’’Pi9 separations and the value of 
(^) elements of the same vertical group — 

Table V — Ehgulab Doublet Sequence 



l*Pi 2 separatioa 


2 *Pi 2 separation 


Hg I 


4630 6 

8 25 

1545 b 

6 27 

T1 II 


9339 

9 83 

2839 

7 30 

Pb III 


14595 

10 99 

(4941) 

8 40 



Table VI — 

-Vabiation oe A«/Z* 


No Z 

Element 

2«Pj* 

A«/Z* 

I'PaS 

A«IZ* 

6 

OIII 

13 8 

356 



14 

8i III 

73 16 

373 

263 

1342 

32 

Qelll 

459 

448 

lb42 

1603 

50 

Snlll 

1222 8 

491 

4031 

1613 

82 

Pblll 

(4941) 

60 

14595 

2171 


The application of the irregular doublet law to Hg like atoms indicated that the probable position of 
I'P* — 1 "01 IS at V 70000 nearly In applying this sequence the method of Millikan and Bowen is adopted 
as shown below In the nsual notation, the irregular doublet law may be written as follows — 

(na^ - Hi* j z* - z iii*o' 2 ) + ^ng*(r^ - 

”5 ni*n2* 

When a line results from transition between orbits of two different total quantum numbers, (n, & m) we 
get from the above equation, by transposition 

The expression on the left vanes therefore linearly With the atomic number Z, for any given set of values 
n^tfeui In the case of 1*P2 — l"SiOf Hg like atoms 0 ®=? and A=79 The progressive variation of 
with' atomic numbers is shown m the following table — 
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doublet sequence. A careful search was then made for the possible triplet 1 1 “Si among Caroll’s “ 

measures, below 1450 A, having in view the relative order and magnitude of intensities and the probable 
ratio of intervals between the lines, with the result that the following triplet was fixed. 


A 

1406-6 

1167-0 

1115-0 


Ini. 

2 

4 

2 


Table VII L 

Combination. 

71093 1 “Pi,— 1 “Si 14595 

85690 1 Pi— 1 Si 3994 

89686 1 Po— 1 Si 


Evidence for the possibility of this being the triplet in question is sought by searching for the complete 
six-line multiplet (diffuse) 1 “P' — 1“D. 

The triplet 2 “R-2 “Si being fixed in the case of Pb III, attempts have been made by the application of 
the irregular doublet sequence to locate the corresponding triplet in the case of T1 II, which has not been 
identified. In this case n 2 = 8, ni == 7 and A = 79. 


The sequence is— 

2753'6 2229-0 

[9690] 

21868-8 17146-9 

The interpolated value of for T1 II is r' = 9690 ( ± 500). 

. . V = 9690 + 2097 { ± 500) = 11787 (± 500), which is in the infra red, at about 8500-A. 

A very interesting feature noticed in the spark spectrum of Lead is the partial inversion of the triplet P 
term, 1 “Pas being negative. The location and identification of the complete six-line multiplet I “P — 1 “G-, 

in approximately the calculated position is a strong evidence as to the correctness of the identification of the 
*P terms. 


z 

Element. 

80 

Hg. I 

81 

Tl. II 

82 

Pb. Ill 


The singlet system of lines is generally the most difficult to work out. -When this analysis was first 
.undertaken not much progress could be made at first in the identification of the singlet spectrum. The strong 
line 1048 9 (12) was suggested as 1 So 1 'P, and 1553 1 (20) as 1 *So — 1 *Pi. While this work was in progress, 
the author’s attention was drawn to a similar publication by Smith Although there is good agreement 
between the results of Smith and those of the author, there is disagreement in one or two important points- 
Smith has the following as 1 ®P— 1 "S and 1 “P- 1 “F. 


Table IX. 


1 “Pa. 

1 “Pi. 

1“P„. 

“Si 76447 (15) 

91047 (10) 

95036 (7) 

'Po 

78157 (15) 


Pi 71095 (12) 

85694 (15) 

89687 

P, 85833 (15) 

100428 (10) 



It was pointed out in a note communicated to Nature jthat evidently Smith had the author’s 1 “Si as 
his 1 “Pi and that 1 “S, suggested by the writer was further supported by the location and identification of the 
second series 1 “S —2 “P, 1 *D— 2 "P & 2 “P—2 “S. The 1 “P— 1 “S suggested by the author followed the 
irregular doublet law for the isoelectronic spectra of Hg-like atoms more closely. The author therefore 
suggested that an interchange of the two levels 1 “Si & 1 “P, of Smith would bring the whole scheme into 

alignment. Attempts have also been made by the writer to identify the singlet spectrum, the results of which 
3 
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have been published an a paper Smith^^ has since pnblished another paper on the second spark speotnim of 
lead, in ■which the suggested modification was adopted There are still however two main points of dxsagfree^ 
ment between the classification of the writer and that of Smith The term 1014:34, classified by the 
anthoi as 6s 6d is classified by Smith as 6s 7 b ^So Smith classified 1768 67 (5b540) as 1 ^Pi— l^Dg, while 
the writer classified 1711 1 (58442) as this combination It will be seen from tho irregulai doublet sequence 
shown below (Table X), that both 1 ^Pi— l^Dj and 1 identified by the writer show a distinctly 

better progression than those of Smith Further the Ime 1 ^Pi—1 should be a strong line It is found 
that most of these strong lines of the triplet and singlet systems aie found in the wavelength measures of 
McLennan, Young and Ireton, Bloch and Lang But the Ime 1768 67 identified by Smitli as 1 ^P — 1 is not 
recorded by any of the pre-vious investigators, while Oarrol includes it as one of the lines belonging to A1 
These consideratioiiLB indicate that the writer’s classification and identification of 1 is more probable 


Hg I 
T1 II 
Pblll 


TABIiB X— IRBBGULAB DOUBliBT SBQUBNOB 

1 ID, 
17265 


llSo-l»Pl 

39413 


1 lSo-1 ^Pi 

54065 


52390 

64387 


75656 39501 

95338 58442 - 56540 

From the begmmng of this investigation of the analysis of Pb III, it was felt that ®p *p group should be 
strong as in the case of the chemically analogous atoms oi ions 1 "D, and 2 'D, terms of Smith are probably 
1 *Pi and 2 “Pi On ihis supposition *P 'P group and the resulting combinations have been identified by tho 
author, thus supporting Ihe validity of the writer’s identification of 1 term The term values have boon 
determined by assuming 1 *F4=64 800, = 7200^ The resonance and lomsation potentials are 7 05 aad 

31 5 volts respectively, the largest term 1 *So— 255216 The details of the triplet and singlet systems 
identified m this investigation are given m the accompanying tables Table XV gives the conflgurfidlona 
term values for Tl II and Pb III and Table XYI gives other unclassified members of “Pu diffiereaoes 


Table XI 




“4 

'1 ,, Y 



w -1. 4 aft 

" ^ M y 



1*P« 

176234 

I'P* 

190829 

<8994) 

l*Po 

194823 


r 

!» 

l*Si 

105141 

1406-6 (2) 

71093 

1167 0 
85690 

(4) 

1115 0 
8968G 

(2) 


l*Di 

I'D. 

I'D* 

13746 <0) 

78456 

1266 9 (1) 

78933 

1250 6 (4) 

79962 

10747 
93049 
1069 2 
93528 

(3) 

(4) 

10305 

97040 

"(i) 


I'P. 

109690 


12313 

81215 

(1) 




1*P, 

wsm 

13718 (3) 

1142 9 
87407 

(1) ' 

(01491) 




Wi (4>’ 

mo 

09^8 

100422 

i^) 







ri 


u ^ 


5 






1 
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Table XII. 


I'S. 

105M1 


2’S. 

57334 


96272 


1“D» 

97304 


97785 


I'P, 

90407 


79202 


4941 


2«Pi 

84143 


164 


2*P„ 


84307 


3854- LI 
25939 (10s) 


4761-0 
20998 (8s) 


4798-27 
20835 (6s) 


4571-45 
21868-8 (7s) 


3729-06 
26808-8 (4) 


3706-22 
26974 (3) 


5857-59 (6) 
17067-1 obs. 
17070 cal. 


5523-5 (5) 
I8O99-4 obs. 
18102-0 cal. 


Iiif. red. 


Inf. red. 


Inf. red. 


Inf. red. 


Inf. red. 


1®P. 

103332 

4141-56 

24139 (3) 

5207*17 

19199 (6) 

5252*33 

19034 13) 

I'Po 


(25570) 

3952-1 

109690 



25296 (8) 

2“D, 

3939-77 

3297*64 

3279*91 

53827 

25375-0 

30316 (4) 

304799 (2) 

2*D, 

3907-17 

3276-19 


53628 

2.5573-7 (5) 

30514*5 (7) 


2’Ds 

3841-6 



53179 

26023-3 (7) 




Table 

xm. 



I 3 F 4 

PFg 

PFa 


(643) 

(-502) 



64800 

65443 

64941 

l*Ds 

3176-59 

3242*95 

3191*49 

96272 

31471-2 (10) 

30827*3 (9) 

31324*3 (1) 

I’D, 


3137*87 

3089*17 

97304 


31859 (10) 

32361*8 (7) 

l®Di 



3043*9 

97785 



32843*1 (10) 

l^Gs 

3.505-37 



36280 

28519-5 (3) 



I'Gi 

3563*06 

3483-46 


36742 

28057*8 (4) 

28698*9 (9) 


l^Ga 

3674*75 

3589-81 

3655*56 

37595 

27205 (4) 

27848*7 (7) 

27347*8 (8) 
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Table XIV. — Singlet systems. 


P 


ClBssification. 


Int. 

Observed. 

Calculated. 

rS.— l»Pi 

1553T 

20 

64387 

• * • 

rsp— I'Pi 

1048’9 

12 

95338 

... 

PP,— l®Si 

1826-2 

0 

54759 

54737 

PPx— 1®D, 

1597-8 

0 

62586 

62577 

l*Pi— l®Di 

1610-1 

1 

62107 

62103 

l«Si— 2'Pi 

3689-22 

7 

27098-2 

... 

2‘P,— 2®S, 

4827-1 

1 

20710-4 

20709 

2’P— 2*D, 

3827’66 

8 

26118-2 

... 

i®p,— ro. 

1118-6 

3 

89397 

89393 

i‘Pi— m 

17iri 

4 

58442 

* ft • 

1*D— 2*P, 

4272'64 

8 

23398 

23393 

l‘D— 2*P, 

4496-12 

3 

22235 

22234 

PD,— 2®P, 

5779-75 

4 

17297 

17294 

1®D,— 2^P. 

5192-29 

4 

19254 

19260 

1®D,— 2*P, 

5062-90 

3 

19746 

19741 

I'Dr-PF. 

3560-75 

6 

28076 


1*D,— I'F, 

4174-38 

4 

23949 


2®Pi— « 

3832-94 

10 

26082 


2‘P.— “ 

5003-59 

3 

19980 


l-D,-;9 

4182-84 

8 

23903 


PD— /3 

3567-16 

3 

28026 



The term “ above is probably 2 Dj term) 'while 0 is of the nature of an F term and is probably a'F. 



Table XV. — Oohpigttrations anb Tbkm Values bob T1. II & Pb. III. 



1P.1Q. 

iPiip* 


•Pi 

44650 

*Po 

44866 

2"P, 

38020 

2'D, 

26023 

“D. 

26172 

•Di 

26300 

2‘D, 

27333 

1‘P4 

(28000) 

'Fs 

28114 

‘Pev. 

28014 


1*F, 

I’Oi 


Term values for Pb. IH. 

255316 

176234 

190829 

194823 

159879 

96272 

97304 

97785 

101434 

105141 

57334 

79202 

84143 

84307 

78043 

53179 

53628 

53827 

5&063 

(64800) 

65443 

64941 

73358 

36280 

36742 

37595 
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Table XVI.- 

-Other Unclassified Members 

OF Pb. III. 

1. 

l«Pa 

11G5-1 

(10) 

ISPl 

995-8 (2) 

PPo 

2. 

76447 

10731 

(1) 

91047 

927-7 (3) 

894-4 

3. 

9318S 

10287 

(10) 

107794 

894-4 (4) 

111807 

4. 

97210 

908-5 

(0) 

111807 

802-07 


5. 

110072 

888-5 

(3) 

124677 

786-48 (1) 


6 . 

112549 

860-6 

(0) 

127149 

764-57 (2) 


7. 

116200 

840-99 

(5) 

130792 

749-09 (3) 


8. 

118908 

802-03 

(5) 

133495 

718-07 (21 



124684 


139262 



Triplet number 7 is identified by Smitb, recently as 1” P-2 "S ; but the line 137491 classified by him as 
l'P(,-2’Si is not recorded either by Carroll or Mack, 

Spcctnmn of Ph. IV. 

The first successful attempt to find series regirlarities among the wavelengths of trebly— ionised spectrum 
of lead, was that made by CarrolP, who identified the first members of the principal and diffuse series 
occurring in the vacuum grating region. In a recent communication"^, the present writer set forth the leading 
members of the secondary series, which may be expected in the region of longer wavelengths. 

The term structure of the spectrum of Pb. IV is generally similar in character to that of any chemically 
analogous atom or ion. Of these the spectra of Au I, Hg II and Tl. Ill and those of Ge IV and Sn IV have 
already been analysed to some extent. We have in the atom of Pb. IV, a one electron system, which normally 
gives the simplest type of alkali-like doublet spectrum. As the electron runs successively through P,, Pj, Pa, 
Qi . . . shells, the terms 1, *S, 1 ’P, 1 “D, 2 *8, etc., are obtained, the' largest term being 1 °Sj. The 
more complicated scheme of doublets and quartets result, when one or more of the inner group of 10 Os, 
electrons is excited. The terms which different electron configurations give rise to may be calculated accord- 
ing to the principles developed by Pauli, Pleisenberg & Hund and are given in the following table. It will be 
seen from the table that corresponding to the addition of an electron to the three different states (’S, 'D, ‘D) 
of the Pb V core, three distinct families of terms arise. 


Table XVII. 
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The analysis of On I Zn II An I & Hg II has shown that in addition to the regulsr doublet systillia 
bmlt on the d ° ion there is another important family of terms bn It on the d®s ion chaiactenzed by donWet 
and quartet terms The deepest term of this system is a metastable D term which is inverted and very 
low The separation of this deep lying D (d“a ) term can be found approximattly by the relatlvistlo 
doublet formula and by a knowledge of the D (d®s) difference of the next higher ion As both iJiesa 
sources of nformation were available att mpts were made to ident fy this inverted D term. Further In 
Cu I Zn II An I etc The metastable D teim s found to combine strongly with the regular P tfiwtt 
(d p) and with the quartet terms a ising from the d®sp configuration Ihe rccint analysis of the second 
spark spect -urn of Thallium by the author has shown that these terms are toiind in the spectrum of T1 IH^ 
After the pubhcation of the above mentioned report by the writer Smith published a preliminary report of 
a ttiwniftp inv stigation where he suggests an alternative classification which without adducing any reasoDi 
he mentions as more p obabl From the application of the lelatmstic doublet Uw to isoelectronio BpeotaKt 
(An I Hg II T1 III and Pb IV) and from a study of the progressive variation A Z in the homologoOS 
spectra C IV S IV Ge IV & SnIV it was thought from the beginning of this investigation that (2*P, — 3*Pj|) 
should be of the ord r of 7 OOOdbfiOO With the aid of the information available to the author regarding 
stages of ionisation of the spectral 1 nes in the visible aid quart/ regions a search was made for the frequent 
recurrence among the Pb IV 1 nes and it was found that there were three alternative schemes as oonstitutliw 
the probable doublet systems with (2 P — 2 P) = 6838 7131 8063 respectively It is the pairs of the 
lengths with the last mentioned frequency difference that were given by Smith as the more 

Relativity doublet sequence and progression of ^ for the doublet sepaiations are given in Tables XXI 


and XX The doublet systems classified by the write aie given in Table XXI 


TaBLB XVIII — PAIES with FBBIQTJHNOY DIPFI/BBNOJ s 



6838 

7131 

8063 



24139 

23903 

2468^ 



30979 

31037 

32749 



26730 

25573 

“>5229 



33567 

32704 

33294 



32362 

34032 

31780 



39200 

41162 

39847 



33007 

36325 

)2548 



39847 

43458 

4061 3 



Tablh XIX 

-RBGCIiAK Doublht Sbqubnoe 



IP^ 

^A 

2 PjflA 

4'A 

An I 

3815 

7 859 



HgH 

91227 

9 773 

3672 

7 7b 

Tim 

14811 

11031 

5682 

8 60 

PblV 

21060 

12047 

7130 

917 


TabiiB XX — ^Variation op doublet 

SBPABATION WITH Z 


AtN Z 

Heme t 

2P - 2 P ^ /z» 

IP —IP 

A/Z 

6 

H IV 


107 4 

2 983 

14 

Si IV 

162 826 

460 0 

2 347 

32 

fielV 

942 92 

2790 

2 726 

50 

Shiv 

2177 4 871 

6507 

2 602 

82 

PlrlV^ 

7130 10 

21060 

3130 


I 











i Js 
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Table XXI —Doublet Systems of Pb. lY. 



X 


P 


1=S,— I’P, 

1313-2 

(9) 

76150) 

[ 21060 

—VT, 

1028-7 

(10) 

97210 J 

1»P,— 

1145-0 

(3) 

87336 > 

t 

— I’Ds 

1116-2 

(4) 

89590 1 

21065 
) 2254 

1“P— 

922-5 

(4) 

108401 ' 

IP— 2’S 

1123-45 

(3) 

890121 

[ 21055 

l^P— 2*S: 

908-54 

(5) 

110067) 

2‘Si— S^’Px 

4182 40 

(Ss) 

23903) 

r ^^33 

— 2’P, 

3221-00 

(to) 

31037 ) 

1=‘D— 2’Pi 

3909'29 

(5d) 

25573 


“Ds— P, 

3280-09 

(9) 

30478 

(7131 
) 2226 

®D— P. 

3056-84 

(4) 

32704- 

2*P— 2’D, 

2937-55 

(4) 

340321 

1 868 

1 7130 

— D* 

2864-45 

(10) 

34900 

2'P.— I), 

2428-70 (8bd) 

41162 J 

2‘P»— 3“S, 

2752-15 

(1) 

36325) 

^ 7133 

P— fPS. 

230035 

(4s) 

43458) 

2»D,— 2”P, 

3483-46 

(9) 

28699) 

► 875 

Da— Pa 

3592-95 

(6s) 

27824) 


In the first place it Bhoiild be mentioned that 8,063 given by Smith as 2 ^Pia is found to be abnormally 
high from the relativistic doublet sequence and from the progressive variation of Ar/Z® in the homolagoug 
spectra, as shown in the preceding tables. Further, justification for the difference 7130, reported by the 
author is afforded by the location and identification of the following triplet as 6s^ ^D-7p ®P. 



Tabus XXII. 

»D, 21019 

“Da. 

*Pi 


8 O 4-55 (1) 

(7130) 


124293 

“Pa 

655-82 (3) 

760*90 (0) 


152439 

131420 


There is no evidence of a similar combination with ( itlier of the remaining two separations. That the 
difference 21019 cm-”^ represents the difference ^Da — ®Da (d%®) of Pb. lY seems to be confirmed by the follow- 
ing comparison with ®Dm (d%) of the next higher ion. 


Table XXIIl. 


Cii. 

Ag. 

Zn. 

Cd. 

Tl. 

2070 

4574 

2754 

5764 

18865 

2043 

4472 

2719 

5635 

18618 


Pb. 

21300(?) 

21019 


d^s 


The combinations of this deep lying inTerted D term with the quartet terms of the group 
given in the following table — 


Tablsi XXIV 


6p/6 

D 

D 

*F 


1407 8 (1) 

71033 

P 

1749 9 (1) 

1279 5 (3) 


57140 

78167 

P 

1439 2 (2) 

1104 8 (od) 


69478 

90510 

D 


1308 2 (B) 
76441 

D 

14371 (Id) 

1103 6 (od) 


69585 

90613 

D 

1233 6 (3) 

979 47 (2) 


81068 

102096 

D 

1096 5 (id) 

91189 



1362 60 (0) 

1059 3 (1) 


73381 

94400 

P 

108734 (2) 

884 98 (6) 

P 

91968 

112997 


Summary and aonclustons i 

The spark spectrum of Lead has been photographed fj-om A7OOO to X^OOO by using poweifnl ex 
with a quartz spectrograph and a JO feet concave grating nping iron arc as the standard Many n«W 
have been measured mostly produced b? Ihe higher stages of ionisation The wave numbers wave! 
mtensities together with the stages of ipnisation of tba prominent ones have bee 1 tabulated 

A critical differentiation of the lines belonging respectively to Pb I Pb II Pb III Pb lY resulted 
S Pars^l seratwy of the ppeotya obtained under varying degrees of excitation 

The pnalFSlS of the seoond and third ppark spectra pf the element has been discusspd m Mia 
theoretical expectations and with the accurate and extensive data at hand it has been shown that 

structures of Pb III and Pb lY are in all details in complete agreement with Hund s coirelation of 
terxnB with electron onfignrations 

The present analysis illustrates in a very convincing manner the utility of the study of the 
element under varying degrees of discharge 

In concluaon I wjah to express my gratitude to Dr T Eoyds the Director of the Kod^kauaL 
TO ory and to Dr A. L Jlarayan the Asfsptant Direst or for their aetive interest and mnch bpb yfrT 
throughout the progrsga Pf the work hly thanks are also due to the Syndicate of the ' 

for the award of a studentship which has made this work possible 
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BULLETIN No. XCII. 



SUMMAEY OF PEOMINENCB OB8EEVATIONS FOE THE SECOND 

HALF OF THE YE AE 1930. 


In pursuance of the programme of work adopted since 1st January 1923 under the anaDi,’P« r,f fu 

*aHng.p«,t,.h=li.gr.m».f the ,„tt have b.« 

ee-ope™t, -with the Kedatkaad Obeervatoy by supplying copies of their photo„ph» on those days when the 
Kodai^ re^rds a™ imporfeot or wanting. In response to our requirements for the second half of 
year 1930, the Mount- Wilson Observatory supplied calcium (K,s) prominence plates for 49 days and H« dk! 
plates for 23 days, the Meudon Observatory supplied calcium (Ks) disc plates for 10 days and Ha disc nlates 
for 33 days and the Pitch Hill Observatory (Mr. Evei'shed’s) at Ewhurst, Surrey, England, supplied one Ha 
prominence plate and two Ha disc plates. ’ i'l' 

When only incomplete or imperfect photographs for any day are available from more than one obser- 
vatory, the best photograph is chosen as representing the solar activity of that day after weighting it according 
to its quality, and the remaining photographs are ignored. ® 


Calcium prominences at the limb. , 

^ The mean daily areas and numbers of prominences photographed during the half-year by means of the 
Kdme of calcium are rfven below. The means are corrected for incomplete or imperfect observations, the 
total of 181 days for which plates were available being reduced to 156 effective days. 

Mean daily areas 
(square minutes). 

... 1-31 

South ... ... ... . 1 .W/. 


Total ... 307 


Compared with the first half of the year, areas show a decrease of 38 per cent, the decrease in the northern 
hemisphere alone being as large as 55 per cent, whilst numbers show a slight increase. As opposed to the 
previous half-year, activity now prepondlerates in the southern hemisphere. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means based on 
Kodaikanal photographs alone are also given, 146 days of observation being counted as 125ir effective days. 


North (Kodaikanal photographs only) 

Moan daily areas 
(square minutes). 

Mean daily 
numbers. 

... r36 

6-26 

South ( do. ) ... 

1*96 

6-64 

263 

Total ... 3-32 

12-90 


Mean daily 
numbers. 

5 71 

608 


11-79 
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The distribution of prominences in latitude is represented in the followin^^ diagiain in whioh the full 
hue gives the mean daily areas and the broken line the mean daily numbers for each zone of S'* of latitude 
The ordinates represent tenths of a square minute of arc for the full line and numbers for the broken line 
Apart from the general falhng off of activity, the northern hemispheie shows a notable decrease m latitudes 
15** —20° and 40° — 60°, whilst the southern hemisphere shows a decrease between 20® — 30° and an Increase of 
activity m the belt 35° — 60° 



The monthly, quarterly and half-yearly areas and numbers, and the mean height and ynoan extent of the 
prommences on photographs from all the co operating observatories are given in Table I The unit of area is 
one square mmute of arc The mean height is denved by adding together the greatest heights reached ^ 
mdmdual prominences and dividing by the total number of prominences observed , the mean extent is deriTod 
by addmg together the lengths of the base on the chromosphere of individual prominences and dividing by the 
total number of prommences 


Table I— Abstbaot foe the sboond hale of 1930 


Months 

Number 
of days 
(effective) 

Aieas 

Numbers 

Daily means 

Mean 

height 

Mean 

extent 


Areas 

Numbers 

1930 






it 

b 

f 

July 

24i 

83 4 

302 

84 

in 

29 9 

5 08 


Avgugt 


60 9 

263 

24 

103 

80 6 

480 

k ^ 

September 

27i 

720 

284 

26 

104 

29 6 

481 


October 

251 

830 

264 

32 

102 

34 8 

5 51 


November 

25^ 

68 7 

243 

27 

95 

353 

6 22 


December 

1 

27i 

1101 

484 

37 

17 4 

26 8 

3 71 


TBird quarter 

77 

216 3 

849 

28 

110 

300 

489 


Fourth quarter 

^9 

26(8 

991 

33 

126 

810 

480 


Second half year 

156 

4781 

1,840 

31 

118 

30 6 

484 

3 
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Distribution emt and west of the sun’s axis. 

Like the previous half-year, there is an excess of areas but a defect of numbers at the east limb as will 
be seen from tlie follo'wing table : — 



1930 July to December. 

East. 

I West. 

Percentage 

East. 



Total nximber observed ... 

Total areas in square minutes 

893 

^ 251-2 

943 

226-9 ' 

48-64 

52-54 



Hydroge^i prominences at the limb^ 

During the half-year photographs of the prominences in hydrogen light were taken in this observatory on 
122 days which were counted as 11?, effective days. The mean daily areas, in square minutes of arc, of 
hydrogen prominences are given below : — 

Mean daily areas 
(square minutes). 

North (Kodaikanal photogi'aphs only) ... q -43 

South ( do. ) ... - A.g 3 


Total , ... 1‘14 


Compared with the previous half-year, Ha prominence areas show a decrease of about 49 per cent. The 
percentage of Ha areas to calcium areas has also decreased from 42 to 34. The curve of distribution of Ha 
prominences m latitude is similar to that of calcium prominences.. A.S in the case of calcium prominences, 
the preponderance of activity is now in the southern hemisphere, the ratio | of the southern areas to the 
northern being 1‘38 and 1*44 for Ha and K prominences, respectively. 


Metallic prominences. 

Seven metallic prominences were observed during the half-year. Their details are given below : — 
Table II. List op Mbtallio Prominbnobs observed at Kodaikanal, July to Dbobjaber 1930. 




366 


The dietribiitioii of mettillic prommeiicefi wa0 as foUowB 



1 —10“ 

ll°-20“ 

21“-30“ 

31®— 40 

41 -60® 

Mean 

latitude 

Extreme 

latitudes 

North 

South ^ 

5 

e-i i- 

1 

* - 

M. 


1 

13° 8 

5° and 45° 


Oae was on the east limb and six on the west limb 


” “ i^i^kccmiBnisr^f the kffdrosren '^hnes ‘ ^ 

Partaoulars of the displacements observed in the chromosphere and prominences are given in the followlnfi^ 
table — 


Table ill 


Date 

flour 

I^T 

Latitude 

Iamb 

Displacement 

North 

! 

South 

Bed 

Viojet 

Both ways 

1930 

- -Efr M 


o 


i 

A, 

A 

A 

July 7 

8 66 

26 


W 

0*6 



8 

8 54 

10 


W 

1 



13 

8 40 

1 


W 

1 

26 


14 

8 48 

10 


W 


06 


17 

9 60 


88 

W 


Slight 


21 

8 58 


16 : 

E 


n 


August 7 

10 18 


37 ' 

E 

15 



12 

8 46 

78 


E 

1 



13 

10 37 


425; 

s 

2 



18 

9 11 


13 

W 


05 


19 

8 38 

5 

1 

w 


05 


21 

9 26 

62 6 


w 

15 



22 

9 6 

1 


w 

1 



24 

8 47 

19 


w 


Slight 


36 

8 44 

72 6 


E 


Do 



8 46 

69 


m 

06 



September 4 

9 21 

22 


E 

25 




9 21 

20 


B 


1 


11 

9 0 


45 

W 

16 




8 -68 


1 

W 


0*5 


12 

8 49 

27 


w 


1 



8 48 

315 


w 


1 


16 

8 5i 


28 

w 

05 

1 



8 49 

13 


w 

1 5 



19 

9 8 

16 


w 

06 



21 

9 30 

5 


w 

1 




9 27 

85 


w 

2 



26 

9 20 

1 


B 


15 



9 1 


28 

w 

1 



27 

9 30 

455 


w 

Shght 




9 SO 

46 5 


w 


Slight 


October 2 

9 50 


30 

w 

1 



3 

10 43 


13 

w 


15 



9 6 

47 6 


w 


1 0 


8 

9 2 

4 


w 

1 




9 3 

10 


w 

1 




8 59 

3l 


w 


05 


30 

9 60 

6U 


w 

2 



1 

9 23 

1 

27 


E 

25 




Uomarks 


At top 
Do 

To red at top » to Molet at base 

At base 

At top 

At top 
Do 
Do 
Do 

At base 

At top 

At base 
Do 

At top 

At base t extends over 2 from 21* to 

At top 
Do 
Do 

No pit)minonoe 
Do 

To violet at base , to red at top 

At top 
Do 

At base 
Do 

At top 
Do 

At base 

At top 

At base 

At top 



In chromosphere 
At top 

No prommenoe 


I 
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Table lll—cont. 


Date. 

Hour' 

l.vS.T. 

Latitude. 

North, 

South. 

1930, 


H. 

M, 

0 

o 

November 

1 

11 

0 ■ 

84 



9 

9 

35 

64 



12 

8 

45 


59 



8 

36 


65 



8 

34 


69 



9 

0 


48 


13 

9 

27 , 

47 



9 

14 


40 ■ 


14 

9 

0 . 

13 



17 

10 

12 


61 



10 

8 

48 



27 

9 

2 ■ 

Ilf 


December 

5 

B 

50 

2 



6 

9 

22 


3 


IB 

9 

2 

6 



10 

26 


9 


14 

10 

43 

84 



8 

54 

■ 8 




8 

48 

13 



15 

8 

54 

18 



17 

8 

38 

52 



18 

8 

9 

46 

22 


88 

14 



8 

52 

77 



19 

8 

58 

86-5 



21 

9 

12 


2 


8 

48 

54 



22 

8 

47 

70 




8 

55 

5 




8 

66 

9 



26 

9 

6 

45 



27 

9 

21 


64 


9 

28 


27 


28 

9 

17 


15 


9 

10 

47 


31 

9 

21 

7 


Limb. 


W 

W 

E 

E 

W 

E 

W 

W 

W 

W 

w 


E 

E 

vy. 

E 

W 

E 

W 

E 

W 

w 

E 

W 

E 

W 

W 

E 

W 

w 

w 

w 

E 

w 

E 

W 


Displacement. 


Red. 


A,,, 


1*5 


0'6 

1 


1-5 

1 

1-5 


0-5 

1 

Slight 

0*5 

0-5 


0- 5 

1- 5 


1 ,. 

1-5 


1 

Of) 

r5 

0*5 

1-5 


Yiolet. 


A. 

1 

1 

1 

1 

2 


0-5 

0-5 


1 

1-5 

Slight 

Do. 


4 

1 

0-5 

0-5 

2-5 

0*5 


Both ways. 


Remarks. 


2*5 


At top. 

Do 

A floating filament, the whole 
displaced. 

To red at base ; to violet at top. 

At top. 

At base. 

At top, 

At top ; extends over 2° from 39° 
to 41°: " 

At top. 

Do. 

At base. 

At4op; extends over 3"' from 10° to 
13°, 

At top. 

No prominence. 

At top. 

Do, 

Do. 

Do. 

Do. 

At base. 

Do. 

At top. 

At top ; extends over 2° from' 13° to 
15°. 

At top ; extends over 2° from 76° to 
78\ 

At top. 

Do. 

At base. 

Do. 

To red at top j to violet at base. 

At base. 

At top j extends over 4° from 43° to 
47°. 

At top. 

At top. 

Do 

Do. 


The total number of displacements was 79 as against 197 in the first half of the year and their distribution 
was as follows ; — 


Latitude. 
1 °— 30 ° 
31°— 60° 
61°— 90° 


East limb 
West limb 


North. South. 

31 16 

10 6 

10 6 


Total ... ' 51 28 


... 24 

55 

Total ... .. 79 
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Reversals and d%8placements on the sxm's disc 

One hundred and thirty four bright reversals of the Ha line, 129 dark reversals of the Di line and S5 
displacements of the Ha Lne were observed during the half-year Their distribution is given below » — 



North 

South 

East 

Weat, 

Bright reversals of Ha 

80 

54 

78 

56 

Dark reversals of Da 

78 

51 

75 

54 

Displacements of Ha 

, 14 

11 

15 

10 


Eighteen displacements were towards the red, 3 towards the violet and 4 both ways simultaneously 


Prominences projected on the disc as absorption markings 


Photographs of the sun’s disc m Ha light were available from Kodaikanal and the co-operating obaerva** 
tones for a total of 176 days, which were counted as 167 effective days The mean daily areas of Ha abffoip* 
tion markings (corrected for foreshortemng) in milhonths of the sun’s visible hemisphere and their mean 
daily numbers are given below ■ — 


Mean daily 
areas 


Mean daily 
numbers 


North 

South 


1,289 9 49 

1,205 8 41 


Total 2,494 17 90 


■me abovs uliow a dMrei»e of 42 pap cent m ams and 26 pap cant in nnmbepa, oompapad urith 
half of tho r«r He ppepondepanoa of in the nopthepn hemiapliopa le mamtainad 

Fot ompjpiM ma bnllatina isanad ppiop to fte «o opapation of otbap obaepyatopipa, tha maana 
E^banal phatoppapb. alona aip ate, si,en, 183 days of obaapyation being paakanad «l 1201 


the first 

baaed on 
effeotbe 


North (Kodaikanal photographs only) 
South ( do ) 


Mean daily Mean daily 

areas nnmbars 

1,302 9 44 

1,2*56 R 65 


Total 2,558 18 09 
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The areas are equally divided between the eastern and western hemispheres, but the numbers show a 
sliglit western excess, with an eastern percentage of 49*3. 

The areas of Ra absorption markings nncorrected for foreshortening are given below 

Mean daily 


North 

South 


areas. 

797 

700 


Total 


1,497 


The uncorrected areas amount to 60 per cent of the corrected ones, a slight increase over the previous 
three half-years. The curve of distribution in latitude is similar to that for the uncorrected areas. 

Thanks are due to the co-operating observatories for the photographs supplied by them. 


Kodaikanal, 
8th October 1931. 


T. EOYDS, 

Director, Kodaikanal and Madras Observatories. 


Price, 8 annas. 


madras : PRINTED BY THE SUPERINTENDENT, OOVEKNMENT PRESS — 1931. 
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BULLETIN No. XCIH. 


ROTATION OF Ha DARK MARKINGS NEAR THE EQUATOR 
COMPARED WITH OTHER DISC PHENOMENA. 

BT 

G. V. KRISHNASWAMI,, m.a. 


Ahst/ntcL~ln Koclaikanal Observatory Bulletin No. 89, Dr. Royds has investigated tie rotation of Mm 
dark markings, from the spectroheliograins of the years 1926—1929. Owing to the paucity of markings near 
the equator during that period much weight cannot be attached to the values obtained for latitudes less 
than 15°. In order to obtain reliable data for the rotation of markings near the equator, the Ha spectrohelio- 
grams for the eight years 1918—1925 have now been examined. 

The results show that the speeds of rotation of Ha markings near the equator are in close agreement 
with the values of rotation of spots and that they are lower than those obtained! from Doppller displacements 
of the Ila line by Adams, The iDolar retardation in the case of Ha dark markings is smaller than for 
sunspots. These results are in agreement with those of D’Azambuja for Kg filaments. 

Dr. Royds’ values of heights of Ha dark markings near the equator have to be slightly modified in 
consequence of the more accurate determination of rotation now available. A revised table is appended. 

Inti^Kluction^ 

Dr. Royds has recently determined the speed of rotation of Ha absorption markings by measurements 
near the central meiddian t’or successive rotations of the same marking, basing his results on the Kodaikanal 
Ha spectroheliograms for the years 1926—1929.^ Not many measures were possible in the belt between 0° 
and 15° owing to the paucity of markings of long duration there. Much weight could not therefore be 
attached to the values obtained in tliis belt as has been indicated by dotted lines in Fig. 1, Bulletin No. 89, 


Material and nieihod. 

With a view to ' obtain more accurate data for this region the Ha spectroheliograms for the period 
1918 1925 were examined. The life of each marking was traced in the solar charts of the Kodaikanal 
Observatory for at least a revolution and a half, from the time it first appeared on the eastern limb to its 
second disappearance at the western lirdb. A few could he followed for two or three rotations and more. 


^ Hodaikanal Observatory Bulletin No. 89. The rotation of hydrogen absolution markings and their height above the 
surface of the sun. 
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OTit of 117 markings discussed 90 markings could be traced foi one rotation only 10 persisted for two 
rotations 1 for three and another for four rotations Each recuirent senes of markings was then Avnm^tln/^ 
from the original photogiaphs when they were near the central meridian Measures were made on the 
western edge of the absorption markings and the longitudes of the points on the mar lnrig at 6 intervals of 
latitude were noted In very many cases the photographs of two successive days were measured and the 
mean of the results taken 

The times of actually crossing the central meridian were deduced for intervals of 5 of latitude 
assuming the approximate value of 13 per day for sjnodic rotation to reduce the positions near the central 
meridian to the actual time of crossing it The synodic periods of each marknig at the several pomts were 
thus obtained from which the synodic daily angular motion were easily calculated Adding to this the daily 
angular motion of the sun in longitude at the time of the year the sidereal daily angular motion at the 
several points is obtained, 

Hesulta 

The mean of all such velocities at various latitudes for the several years and for the whole period is 
given in Table I The results for 1936 — 1929 are taken from Dr Royds measurements The numbers in 
the brackets indicate the number of markings used to obtain the mean Ihe results do not vary grSatiy 
from marking to marking in the same latitudes nor from year to year The difference in the hemispheres 
IS not also marked 



273 


Table TI gives the mean values for the whole period at 5°' intervals of latitude near the equator of the 
synodic period, daily synodic angular motion and daily sidereal angular motion. The motion is here 
assumed to be symmetrical with respect to the solar equator. 


Tablb II.— Mean Rotation of Ha Absorption Markings. 


* Latitude. 

0° 

6° 

10° 

*16° 

*20° 

i 

•^25° 

*30° 

♦36° 

*40° 

Measures of all 
15-1° 

Number of markings 

35 

73 

83 

93 

47 

40 

'30 

23 

' 6 

f 

Synodic period 

26-83 

26-85 

26-95 

27-05 

27*22 

27*38 

27-64 

27*81 

27-86 

27-11 

Daily angular velocity 
synodic. 

13-42 

13 41 

13-36 

13-33 

13*22 

1314 

13*07 ~ 

12*94 

12*91 

13*29 

Daily angular velocity 
sidereal. 

14*40 

14*40 

14-34 

14*30 

14*21 

14*13 

14-06 

13-93 

j 13-90 

14*27 


* From Table 1, Bulletin No. 89. 


In Table III has been collected, for purposes of comparison, the speed's of rotation of the sun at different 
latitudes as obtained from various disc phenomena. The values given are (a) for the sunspots those derived 
from Greenwich observations of recurrent sunspots (M.N. 85, April 1925) ; (5) for the faculae, those derived 
from Greenwich measures of recurrent faculae as given by formula II which is more in accord with the 
observed data (M.N. 84, April 1924) ; (c) ® for the Calcium filaments, the values obtained from the formula 
derived by D’Azambuja from recurrent Ks filaments (O.R. 176, p. 950, 1923) ; (d) for spectroscopic results of 
the reversing layer *and the Ha line, the mean existing values (Handbudh-der Astrophysik, B.D. IV, ch. 2, 
ciph. 16, p. 169) ; and (e) for Ca prominences, the values obtained by i Bvershed (M.N. 89, January 1929). 
The speeds for the 5° zones have been computed, when necessary, as the mean of the speeds at the 
boundaries of the zone. ; 


Table III.— Velooitibs of Solar Rotation derived from various Solar Phenomena. 


Daily sidereal 
motion. 

Ha dark 
marking. 

Sunspots. 

Faculae. 

Calcium 

filaments. 

Spectroscopic determinations. 

Zone of latitude. 

Eeversing 

layer. 

Ha line. 

K prominences. 

2 ^ 

b 5 ... 

14-40 

14-39 

14-49 

14-45 

14-27 

15-00 


6 -J 

- 10 ... 

14-37 

14-33 

14*46 

14-42 

14-26 

14-98 

17-1 (9°) 

:: 10 - 

- 15 ... 

14-32 

14-25 

14-40 

14-36 

14-16 

14*94 


-- 16 - 

- 20 

14-26 

14-13 

14*30 

14-28 

14-02 

14-88 

17-1 (18") 

:: 20 d 

b 25 ... 

14-17 

14-01 

14*16 

14-17 

13-83 

14-80 


--25 - 

b 30 ... 

14-10 

13*85 

13-96 

14-04 

13-60 

14-70 

20-2(25'=) 

BO z 

:: 36 .. 

14-00 


13-71 

13-89 

13-35 

14-60 

, 

— 36 r 

b 40 



13-39 

13-75 

13-07 

14-48 

16-6 CSS") 

i 40 r 

b 45 ... 

••• 


13-02 

13-59 

12-79 

14-36 

17-3 (51°) 


* See Handbuch-der Astrophysik, B.D. IV, ch. 2, ciph. 10, p. 105. 

♦ This includes perhaps the results of Abetti and Novokova at the mean epoch 1928’8... See Bulletin ,de la Society 
Astrpnomiqne de France, Tome XLIV, 1930, p. 654. 

'■ 2 ^ ' ' ■ ' ' ■' 
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TM aMVe grdt>lucldlj^ ih tig 1 £t will be hetitted tbbt the S0b6d olE rd^W of 

ttie Hit Sia^Mhgs IS i^b&htKSbllt the e&hlb aii that of ifi eqtd.tbtitd regioBi^ bdt ig M 

Tii gTiftr latitudes The difference near the equatof ifa practically zbfb tod iri about 0 Bfi® per daj^ ill 
35° — 30° From the closeness of the values of the speeds of rotation of sunspots and Ha dark markingg 

^Apr the equator it is to be inferred that these markmgs m the equatorial regions are anchored to the 
sunspots It would appear that this is not true in higher latitudes where the speed of rotation of Ha dark 
markings is higher than that of sunspots in corresponding latitudes 

Fig 1 

Oempartstm of speeds of rotation 









\ dark jmakts^ D 

B Sun 9 potBi B Calcium filamenta 

0 Ha line F BeyerBiuK layen 

ef likaMsihg taa8brt®ib at fitjuaferiw vstbSitibs m feate the fbvereidg lajtw, idHSfOffl, 

markings, Ei dark markings, faoulae, Ha line, and Oa prominences if, as is generally assumed, 
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markings are projections of the prominences on the sun’s disc then since Evershed has shown the velocities 
increase with levels, it appears that an absorption marking moves slower than the gases constituting the 
prominence which exhibits itself as that marking. 

Fig. 2 shows graphically the law of the polar retardation corresponding to the various solar phenomena. 
A difference in the rate of change of angular velocity with latitude is indicated by a lack of parallelism in 
the curves. To show this more clearly the values have all been reduced to a common origin (14‘50°), by the 
addition of some constant quantities to the results. The spots and the faculae give values which are practi- 
cally identical throughout. Intermediate between these and the Ha dark markings are the Kj filaments. 
The Ha dark markings and the Ha line are also nearly identical and show notably less equatorial accelera- 
tion. The H and K lines of the Oa prominences, as far as the results could be relied on, show the least 
polar retardation. 


Fig. 2. 


Ooniparison of polar retardations. 



1 cm. = 10° Letters indicate same 

curves as in Fig. 1. 


Heights of Ha absorption marhings. 

The values of hi and hj, obtained by Dr. Royds require slight modification in view of the more 
reliable values noAV available for equatorial regions. The daily synodic rotation has been interpolated 
from Table II and A, is thence obtained. The values of ^ have been taken as the means of the 
intervals and the heights deduced from the formula 2h = a cos* A cos* (a = 960").' The revised 
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vaimea are grvej^ 3 #. TaMe IV The difierenee in the values of h and b is not veiy appr ciaWe and 
there is ppa<JticeJty ije change vOi the mean values The differmce between h and h is also unaltered and s©< 
the mam arguments of the paper continue to hold 


Tabl® IV— Qu^pE4^NTAtt T:mw> I’oe Absokphon Markings and thfir 

OQRRWQNDP.G HBIIGRTS 



Niunbei 
f stw^k 
g 

B<}g n ith 

Ijml) 


Edg farthc f on 

th Umb 




A 

H ght 
li 

Q d taj tini£ 

T (d ys) 

{ 

A 

S ighL 
h 

0- 6 

6 

46 

13 42 

731 

405 

6 47 

13 42 

73 4 

391 

6—10 

1 

5 30 

13 38 

70 9 

604 

5 42 

13 38 

726 

42 6 

11—16 

19 

5 59 

13 34 

746 

321 

5 74 

13 34 

76 6 

245 

16 — 20 

29 

554 

13*20 

' 736 

35 0 

6f6 

13 26 

761 

28 7 

21—26 

26 

6 62 

1317 

740 

312 

6 76 

13 17 

76 9 

238 

26—80 

B5 

5 48 

1308 

717 

37 2 

5 62 

1308 

736 

305 

31 — 36 

38 

557 

13 00 

726 

306 

6b9 

13 00 

74 0 
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36—40 

7 

5b0 

1292 

724 

273 

667 

12 92 

73 3 

247 

41—46 

16 

6 48 

1284 

704 

289 

651 

' 

1284 

70 7 

284 

t‘>73 


W ght d m 

6 5 



33 4 

W ght d m ana 

5 660 



27 9 


Ft m Tabl 2 Bull tin N 89 
tOorr po dingt th w ghtedm tuii f b 4) 

In conclusion I wish to express my thanks to Dr Royds Director for permitting me to work m the 
Observatory for setting me on to work at this problem and for his valuable guidance and many suggestions 

G y KRIiSHNASWAMI 

itJi July 1931 Reader m Mathemahos Annamalat University 
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MAPBAB PKIN EU by the STOEBlNr ndent governstent fkfss— 1932 


Itotiailiatnal #i&s;er\)atatg« 

BULLETIN No. XCIV, 


SUMMARY OF PEOMINENCU OBSERVATIONS FOR THE FIRST 
: HALF OF THE YEAR 1931. 


In pursuance of the programme of work adopted since 1st Jaimary 1923 under the auspices of the 
International Astronomical Union, all observatories taking spectroheliogi-ams of the sun have been asked to- 
co-operate with the Kodaikanal Observatory by supplying copies of their photographs on those days when the 
Kodaikanal records are imperfect or wanting. In response to our requirements for the first half of the 
year 1931, the Mount Wilson Observatory supplied calcium (Kj,) prominence plates for 16 days and Hf< disc 
plates for 4 days, the Meudon Observatory supplied calcium (Ks) disc plates for 3 days and disc plates 
for 14 days. , 

When only incomplete or imperfect photographs for any day are available from more than one obser- 
vatory, the best photograph is chosen as representing the solar activity of that day after weighting it according 
to its quality, and the remaining photographs are ignored. ‘ 


Oak-him Prominences at tJie Limh. 

The mean daily areas and numbers of prominences photographed during the half-year by means of the- 
K line of calcium are given below. The means are corrected for incomplete or imperfect observations, the 
total of 180 days for which plates Avere available being reduced to 171 effective days. 





Mean daily areas 
(aqnai’e minutes). 

Mean daily 
numbers. 

North 

... 

- 

... 211 

6 '60 

South 





... 1-98 

7’09 




Total ... 4-09 

13-69 


^P^pared with the previous half-year, areas jhow an increase of 33 per cent, the increase being greater in 
the .northern hemisphere than in the .southern, whilst numbers, show an increase of 16 per cent. . 

■ ■■■■" ' ■■ ■ "■ m ■ 
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For compaiison "with bulletins issued prior to the oo-operation of other observatories, the means based on 
Kodaikanal photographs alone are also given, Ibb days of observation being counted as l59i effective days 


North (Kodaikanal photographs only) 
South ( do ) 


Mean daily areas 
(square nunutes) 
218 
2 0b 


Mean daily 
numbers 
b78 
724 


Total 4 24 14 02 

The distribution of prommences in latitude is represented in the following diagram in whioh. the foil 
line gives the mean daily areas and the broken hue the mean daily numbers for each zone of 5“ of latitods. 
The ordinates represent tenths of a square minute of arc for the full line and numbers for the broken Una. 
The distribution of activity is very similar in both the northern and southern hemispheres, and difisis 
■considerahly from that m the previous half-year The activity now inoieases from the equator up to ladtode 
45° and is very small beyond 56° 


Meoith Ayeas a-n,cl Mean Nwmhe'rs of 

X Caleium Pyominetuces 

Januctry / to •Jwnie 30/ 1031 

Mean Areas fu.lh 

Mean Nu.’mhevs-^.~,Jrro1ten lv7ve% 


NORTH 




1 


so . 


SOUTH 




The monthly, quarterly and half-yearly areas and numbers, and the mean height and mean mi 
prominences on photographs from all the eo-operating observatories are given m Table I The iim 
•que square msnhte of arc The mean height is derived by adding together the greatest 
individual prooHineuces and dividing by the totol number of prommences observed , the mean 
by adding together the lengths of the base on the chromosphere of individual prommences and divi' 
total number of prommences 




It is seen that the increase in areas over the previous half-year is due to an increase in mean extent 
rather than to a change in the mean height of prominences. 


Table I.— Abstract for the first Half op 1931. 


Months. 

ISTumber 
of days 
(effective). 

Areas. 

Numbers!. 

Daily means. 

Mean 

Mean 


Areas. 

. 

Numbers. 

height. 

extent. 


19B1. 






n 

o 


January 

27r 

101*3 

329 

3*7 

11*9 

30*0 

5*9: 


February 

27i 

131*2 

410 

4*8 

14*9 

310 

6*9; 


March 

31 

129*9 

466 

4*2 

15*0 

32*3 

5‘3i 


April 

27| 

118*3 

414 

4*3 

14*9 

28*6 

5*4i 


May ... 

281 

122*1 

370 

4*3 

13*1 

32*8 

5*6; 


June 

CO 

93*9 

.351 

3*3 

12*2 ! 

29*4 

5*3; 


First quarter ... 

. 8(H 

362-4 

1,205 

4*2 

14*0 

31*2 

5*Gi 


Second quarter ... 

QO 

tJex 

3B4:() 

1,136 

3*9 

13*4 

30*2: 

5*4 


First half-year 

171 

697‘0 

2,340 

4*1 

137 

30*7 

5*5 



Distrihution east a>nd west of the surfs axis, : " 

Unlike the previous half-year, there is a defect of both the areas and nurnbers at the east limb, as will be 
seen from the following table ; — 


1931 January to June, 

East. 

West. 1 
1 

Percentage 

East. 

Total number observed ^ ••• -- 

Total areas in square minutes 

1145 

329-0 

1195 

368-1 

48-93 

47-20 


Hydrogen Prominences at the Limb. 

During the half-year photographs of the prominences in hydrogen light were taken in this observatory on 
163 days which were counted as 148 effective days. The mean daily areas, in square minutes of arc, of 
hydrogen prominences are given below : — 

Mean daily areas 
(square luinutes). 

North ... 0-77 

South ... ••• * 0 6() 


Total ... 1*43 


Compared with the previous half-year, Ha prominence areas show an increase of about 2d per cent. The 
percentage of Hd areas to calcium areas is 34, as in the previous half-year. The curve of distribution of 
Ha prominences in latitude is similar to that of calcium prominences. The northern preponderance of activity 
is more marked for Ha prominences than for calcium ones, the ratio of the northern areas to the southern 
being 1*17 and 1’06 for Ha and K prominences, respectively i 
1-A 




m 

Metallxc Promme^K^es 

Twenty four metalbc prominences were observed d’oring the half-year Their details are given below 


Table II — List of Mbtallic PROMiNaNOTO-^lANUARY to June 1931 



Tune 

LST 


Latitude 




Date 

Base 



Limb 

Height 

Lines (See note at end of table ) 




North 

South 




1931 

H M 

o 

0 



a 


-jrannary 18 

U 16 

1 

95 


W 

10 

1, 2, 3, 4 6, 7 8 9, 10 


10 0 

4 

5 


W 

10 

1, \ 4, 6 7, 8, 9, 10 11, 12 

20 

8 50 

4 

4 


W 

10 

3, 4, 7, 8, 10 

27 

8 44 


6 


W 

16 

1,2 3» 4 6,7,8 9 10,11, 12 

February 6 

9 22 


9 


W 

10 

4 10 


9 40 

2 


4 

E 

10 

1 2, 3, 4 <) ]0 11, 12 

22 

9 27 

5 

10 6 


E 

16 

1,2 3,4 9,10,11,12 

27 

9 33 

4 

10 


W 

35 

1, 2, 3, 4, D, 10. 11, 12 


9 35 

2 


1 

W 

16 

1, 2 3, 4 9 10, 11, 12 


9 20 

3 

16 


w 

20 

1 2, 3, 4, 8, 9, 10, 11 

Ufardi 2 

9 8 

4 

9 


w 

10 

1 3, 4, 7, 8, 9 10, 11, 12 


9 5 

3 

17 6 


w 

16 

1 3, 4, 8, if) 

14 

8 49 

3 


115 

w 

10 

1,2 3, 4,6,7, 8,0, 10 11, 12 

J^prSl 10 

9 37 

3 

18JS 


E 

30 

l,2,3,<tfl,l0.1] 


9 18 

5 

06 


W 

30 

1,2,3, 4 8,9,10, 11, 12 

11 

9 29 


17 


E 

20 

1 3, 4, 6, 7, 8, 9, 10, 11 12 

28 

9 -9 

6 

45 


w 

36 

1,2, 8, 4 5 6,7, 8 9, 10, 11, 12 








Also \ 6371 i) 

24 

9 27 

2 

8 


w 

20 

1,2 3 4,0 10,11,12 

May 19 

8 M 

4 

6 


w 

16 

1, 2. 3, 4, 6, 7, 8, 9, 10 

20 

9 15 

1 

9*6 


w 

20 

1 2, 3, 4, 6, 7, 8,0, 10 11 12 * 


9 15 

0 

13 


w 

20 

1,2,3 4,6,7,8,9,10,11 12 

MTnne 12 

9 0 

1 

35 


w 

16 

1, 2, 4, 8 9, 10, 11 

15 

10 20 

3 


86 

w 

15 

1, 2, 3, 4, r)^7, 8, 0, 10 11,12 

25 

9 10 

1 

35 


E 

10 

4,10 (Faintly revex sea) 


Note —The key to the wavelengths of metallic lines is as follows — 


No 

\ 

Element 

No 

\ 

Llement 

1 

49241 

Pe+ 

■■ 

62762 

Pe + Oi 

2 

60160 

He 


63108 

Fen- 

3 

60186 

Fe+ 


6363 0 

Fe + 

4 

5 


Mg Fe + 
Fe + 


Da, Dj 

6677 

Na 

He 

6 

5276 0 

Cl 


7066 

He 


The distnbfifeen of metallic piominenoes was as follows ' — 
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Table III . — Displacements of the liyd^rogen lines- 


Particulars ol the displacements observed in the chromosphereand prominences are given in the following 


table : — 


Date. 


1931. 

January 


February 



Hour 

Latitude. 


Displacement. 





Liimb. 



Remarks. 


I.S.T. 

1 

o 

J 

South. 

Bed. 

Violet. 

Both ways. 




U. M. 

•> 

c< 


A. 

A, 

A. 


1 

9 43 


17*5 

E 

1 



At top. 


9 45. 

11 

74 

E 

W 

0*5 



No prominence. 


9 32 


1 



At top. 


9 32 

16 


E 

1*5 



Do. 

2 

9 16 

83 


E 


0*5 


No prominence. 


9 18 

6:-5r> 


W 

1 



At top. 

3 

9 25 


32 

E 

0-5 



Do 

8 

10 40 


56 5 

W 

1*5 



Do. 


10 34 


1 

W 

2 



At base. 

10 

9 4 

33 


E 

0*5 



Do. 


9 11 


64*5 

W 

0*5 



At top. 


9 18 

54 


W 


Slight 


At base. 

19 

9 55 

3*5 


w 

1*5 


At top } extends over 8° from 2® to 5®. 


9 55 

4 


w 


0*5 


At base. 

22 

9 20 


115 

w 

0*5 



Do 


9 16 

50 


w 

1*5 



At top. 

23 

9 ai 

16*5 


E 

0-5 



Do. 

9 38 


34 

E 


0*5 


Do. 

26 

9 4 

29 


W 

0*5 



Do. 

27 

8 51 

6*5 


E 

0*5 



Do, 

8 44 

() 


W 

1 



Do. 

28 

9 27 


5 

W 

2 



Do. 


9 30 

11*5 


W 

1 



Do. 

29 

9 6 


3*5 

E 

Slight 



No prominence 


9 7 


11 

E 

1*5 



At top. 


9 10 


41 

W 

Slight 



Do. 


8 55 

21*5 


W 

1 



Do. 

30 

9 5 


80 

E 


1 


Do. 

8 55 


76'5 

W 


Slight 


No prominence. 


8 48 

39*5 


W 

1*5 


At base 

31 

9 25 


11 

E 

25 



At top. 

9 7 

71 


W 

P5 



Do. 

1 

9 35 

8 


E 

0*5 



At top; extends over 4° from 6® to 10®. 

9 38 


39*5 

E 


1 


At top ; extends over 4° from 38® to 42°. 


9 17 

3 

W 

1 



At top ; extends over 4® from 1® to 5®. 


9 10 

56 


w 


1*5 


At top. 

2 

9 9 

11 


E 

0*5 



At base. 


9 1 


8 

W 

Slight 



At top. 

4 

8 42 

48*5 


w 

0 5 



5 

9 20 


38 

E 



1 

At base. 


9 8 , 


36 

W 


2*5 


At top. 

6 

9 22 

9 

i 

W 



1 

At top. 

7 

9 17 


11 

E 


0*5 



9 1 

30 


W 

Slight 



Do. 


9 0 

60*5 


W 

1 



At base. 

9 

9 14 

8 


E 

0-5 



11 

9 24 


37*5 

E 

2 



Do. 

12 

9 36 

' 17 


E 

1 



No prominence. 

9 22 

2 


W 

Slight 


1 

At top. 


9 16 

22 


W 


At base. 


9 19 

56 5 


w 


1*5 


At top. 

13 

9 56 
10 0 

19 

21 

E 

E 

1 

0*5 




14 

9 7 

66 


E 

^ Slight 



At top. 


9 40 


4 

E' 

1*5 




9 12 

45*5 


W 

1 



Do. 

15 

10 7 

75*5 

W 


2 


At base. 

10 3 

5 


w 

E 


2*5 


At top. 

16 

8 59 

7 


(Slight 



At base. 

17 

8 50 


47*5 

E 

1)0. 



Do. • 


2 










Bate. 

Hour 

I.S.T, 

Latitude. 

1 


Displacement. 

^orth 8 

j 

south. 

Limb. “ 

Red. 

Violet. 

Both ways. 

1931. 

11. M. 

o 

o 


A. 

A. 

A, 

April 7 

8 47 


18 

W 

1 

0-5 

3 

8 

10 31 


2 

E 

, 2 


ji: 

9 

iO 45 


32 

E 


1 

i- 


9 15 


.34 

W 



Slight 


9 2 

24*5 


W 

2-5 



10 

9 5 

43 


E 



light 


8 55 

26 


E 


0*6 



9 40 

6 


E 


0*5 



9 28 


42 

W 

1 

3*5 

9 

11 

9 65 

49-5 


E 

1 




9 51 

47 


E 


6 



9 46 

26 


E 

2 




9 21 

8 


E 



Slight ^ 


9 17 


9 

E 

1 


J 


9 14 


21 

E 

1 


i 


9 14 


22 

E 


2 

J 


10 2 


2 

W 

1 




10 12 

39-5 


W 

1 



15 

9 17 

r)9-5 


E 

0-5 




9 15 

45'5 


E 


2 

- 

' 18 

8 40 

70 


E 


Slight 


21 

8 52 

78 


W 

0-5 


J 

23 

9 10 

4-5 


W 



1 


9 9 

14 


"VV 


1 

J 

24 

9 37 

im 


E 



T5 


9 27 

8 


W 



1 


9 21 

20 


W 

1 




9 19 

52-6 


w 


4 


25 

9 25 

11'5 


w 

2 



May 1 

9 22 

50 ' 


E 

Slight ! 



2 

9 17 


2 

E 

0-5 




9 0 


9 

W 

Tf) 



6 

9 20 

10 


E 

1 

1 


7 

9 13 

12-5 


E 

Slight 




9 14 

3 


E 


1*5 



9 18 


,34'5 

E 


1 


8 

9 14 


11 

W 

2 



15 

8 50 


26 

W 

Slight 



17 

9 36 

53 


w 

Slight 



19 

8 61 

7 


w 


0*5 


20 

9 5 


2 

w 

Slight 




9 20 

67 


w 

()‘.5 




9 20 

70 


w 

Slight 



26 

9 14 


43 

w 


1 


27 

9 35 


34 

E 

0*5 




9 14 


8 

w 

1 

1 


29 

9 56 

•5 


E 


1*5 


June 2 

8 50 

10 


E 

0-5 




8 46 

6 


W 


1 


9 

9 16 


17 

w 

•1 



U 

9 32 


46 

E 


0‘5 



9 8 

7 


W 


1 


12 

9 0 

3*5 


w 



0‘5 

13 

9 2 

33 


E 

Slight 



15 

10 20 


9 

W 

1’5 

1 


16 

8 58 


9 

w 

1-5 




8 58 


7 

w 


0-5 


24 

9 16 


44 

E“ 

2 




Eemarks. 


To red at top, to violet at base. 


Bo, 

Bo, 

Bo. 


At top. 


At base. 
Lt top. 
Bo. 


To red at base, to violet’ at top. 
No prominence. 

At top. 

Bo. 

At base. 

Bo. 

At base. 

At top. 

Bo. 

Bo. 

At base. 

No prominence. 

To red at top, to violet at base. 
At top. 

At base, 

Bo. 

At top. 

At base. 

At top. 

At top. 

To red at top, - to violet at base. 
At top. 

At base. 

Bo. 
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The total numbei of displacements was 188 as against 79 in the second half of the pieMons year and their 
distribution was as follows — 


Latitude 


North 

South 

1°— 30® 


b3 

48 

31®— 60® 


33 

21 

6l°-90® 


15 

8 


Total 

111 

77 

East limb 



83 

West hmb 



lOT 


Total 


188 


Reversals and displacements m tJie aim’s disc 

Two hnndied and twenty one bright reversals of Ha line, 208 dark reversals of the D® line and 28 
displacements of the Ha line were observed dnnng the half-year Their distiibution is given below — 



North 

South 

East 

West 

Bright reversals of Ho 

148 

73 

104 

117 

Daik reversals of D$ 

. 139 

bl 

98 

110 

Displacements of Ho • 

22 

6 

12 

16 


Twenty displacements were towards the red, 6 towards the violet and 2 both ways simultaneously 

Prominences prelected on the disc as absorption markings 

Photographs of the sun’s disc m Ha light were available from Kodaikanal and the co-operating ob8er'?^|^^^ 
tones for a total of 180 days, which were counted as 178 effective days The mean daily areas of Ha 
tion markings (corrected for foreshortening) in millionths of the sun’s visible hemisphere and their 
daily numbers are given below — 




Mean daily 

Mean daily 



areas 

numbers 

North 


1,447 

9b5 

South , 


743 

5 61 


Total 

2,190 

15 2b 


The above show a decrease of about 12 per cent in areas and 15 per cent in numbers, compared with 
previous half year The decrease has been confined to the southern hemisphere namely 38 per cent and 88 
per cent foi areas and numbers respectively 'U 

For comparison with bulletins issued pnor to the co operation of other observatories, the means based on 
Kodaikanal photographs also given, 105 days of observation being reckoned as lbl| effective days* 


North (Kodaik^l photogiaphs only) 
South ( do ) 


Mean daily 
areas 

1430 

715 


Mean daily 
nmnbejirs 
9 64 
5 38 




Total 


2,145 


15 02 
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The distiibution of the mean daily areas in latitude is shown in the following diagram. In contrast to 
the distribution of prominences at the limb there is a minimum of activity near 30°, particularly marked in 
the southern hemisphere. 



show a slight eastern excess, the percentage east being 51' 7- 

The areas of Ha absorption markings uncorrected for foreshortening are given below 

Mean daily 
areas. 


North 

South 


804 

424 

Total ... 1,228 


The uncorrected areas amount to .50 per cent of the corrected ones, as against 60 per cent for the previous 
half-year. The curve of distribution in latitude is similar to that for the uncorrected areas as usual. 

Thanks are due to the co-operating observatories for the photographs supplied by them. 

Kodaikanal, ROYDS, 

%ltli January Director, Kodaikanal and Madras Observatories. 


pRiOB, 8 anms. 
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BULLETIN No. XCV. 


PKOMINENCES AND RADIATION PRESSURE 

BY 

T. Boyds, D.Sc. 


AUtraot. -'O&ilj spectroheliogriims of calciumaud hydrogon prominences are available at Kodaikanal from the end of 
1928 Comparison shows that quiescent prominences are of essentially the same form and height in both calcium and hydro- 
sen as has been concluded by other observers. This is also true of eruptive prominences in which hydrogen partakes of the 
upward motion evidenced in calcium. Since radiation pressure is.only considerable in the case of Ca+ atoms, this evidence is 
opposed to the theory of radiation pressure as the force supporting prominences and driving eruptive prominences away from 

the g^ppear to ba differences in the relative brightness of the K line and the Ha line in different prominences, and 

frequently in different parts of the same prominence. Owing to the effect of Doppler displacements, it is not possible for 
spectroheliograms to give conclusive evidence as to whether these variations in brightness are really due to varying proportions 
of the numbers of 0a+ and H atoms. 

It is pointed out that estimates of the amount of radiation pressure on Ca+ atoms should take account of the radiation in 
the reversals of the Ga+ lines. These estimates must await photometric measures in the Ca+ lines. 

Introduction— The only theory which can' in any satisfactory way explain the existence of the chromo- 
sphere and of the prominences is that of Milne who showed that selective radiation pressure may be large 
enough to support atoms which have their resonance line in a part of the spectrum where, the sun is radiating 
strongly. In this way he has successfully explained the formation of a chromosphere of ionised calcium, of 
prominences of ionised calcium, and has also given an explanation of the enormous velocities occasionally 
attained in eruptive prominences, a problem which, till then, had bafQed solution. Notwithstanding these 
notable successes of Milne’s theory, it does not suffice to give a complete explanation of the observations made 
on the sun’s chromosphere and its prominences. It is observed that Ca"^, H and He are always present in the 
chromosphere, reaching almost to the same heights, and that prominences invariably exhibit the lines of these 
three elements. It is extremely improbable that the radiation pressures exerted by sunlight on the atoms o 
Ca”^, H and He and the masses of these atoms are also so nicely adjusted that the atoms of these three elements 
are delicately balanced together at the , same heights above the sun’s surface. Indt ed Gurneyt has already 
pointed out that the radiation pressure on hydrogen is 10® times smaller than on ionised calcium, and on 
helium 10^® times smaller. Electrical forces may be ruled out as they would not operate on neutral hydrogen 
and helium. Turbulence has also been in vokedj, but there are serious objections to the magnitude of the 
velocities which have to be postulated. . 

Recent Observations.— The question of the forms and brightness of prominences in different spectrum 
lines has occupied the attention of solar observers from almost the beginning of the observation of promi- 
nences, but the question has att racted more attention recently with a view to elucidating the nature of the 

* Milne, M.N., R.A..S., 84, 364-1924 ; 85, 111-1924 ;;86, 8-1926 ; 86, 578-1926 and 87, 469-1926. 

t tlurney, M.N., B..A.S., 88, 377 — 1928. 

1 McOrea, M.N., B..A.S., 89, 483 and 718-1929. 
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forces at play. Perepelkin* finds that the ratio of intensities Ha : D 3 decreases with height in prominences. | 

Minnaert and Slob’s measurest do not agree with Perepelkin’s, and the former interpret the varying ratio by 
varying self-absorption of Ho. They have also measured the intensity ratios of H : K and of H 7 : H* : H«. 

Slobt has continued observations of the ratio of H : K and finds a value decreasing with height, instead of 
Minnaert and Slob’fl ooiistant ratio. 

Pettit§ has oompared spectrohelioscopic observations of prominences in Ba with spectroheliograms in ^ 

caloitun K liney observing mainly Quiescent prominences and. those active ones "which were drawn to an area 
of attraction on the sun’s surface. He finds that prominences generally show the same form in Ha as in K, ^ 

even to considerable detaili except that moving streamers and knots in the active prominences ai*e. either 
absent in Ha or only represented by thin lines where there are broad ribbons in K. He interprets these ;; 

differences as evidence that the attractive force is electrical in origin and he also finds evidence of repulsive ^ 

electricar forces. ^ 

Perepelkin II has also discussed the radial velocities of prominences, their form and intensities in different f 

spectral lines. He finds that radial velocities decrease in the order Ca+, H, He ; in most cases prominences 
have the same form in 0a+, B. and 'He but in other cases the extents vary in the following decreasing order 
0a+, H, He, metallic lines ; also that the ratio of intensities of the lines H® : S is very variable, in the 
average 0*37, and decreasing with increasing radial velocity. He concludes that radiation pressure must play 
an important role in the production of prominences although quiescent prominences cannot be caused by 
radiation pressure, 

Kodaikanal Spectroheliogram8i’-'B(^^f^ material for the study of the forms and heights of prominemoes 
in calcium and hydrogen has been obtained at the Kodaikanal Observatory from the end of 192^- Owing to 
the increase in the sensitiveness of panchromatic plates about that time, it became practicable to photograph 
the Ha prominences by means of the Kodaikanal Ha speotroheliograph with reasonable exposure ttmes/ 

Since January 1st, 1929, the daily observing programme has been extended to include one Ha prominence 
photograph. The solar diameter on both Ha and K images is about 60 mm. The material studied for this 
bulletin comprises the Ha and K spectroheliograms of the limb of the sun from the beginning of October 
1928 to the end of 1931, Whenever possible, on each day a K prominence plate is taken first, then an, 

Ha photograph and finally another K pho"bograph. In this way it is possible, by comparing the two K 
photographs, to be certain what changes have taken place in the prominence before drawing conclusiops as 
to the differences of form and height in Ha as compared with K. Of course, simultaneous photographs 
would be still better but this is not possible with the instrumental equipment at Kodaikanal. Yet it is con- 
sidered that the study of alternate photographs is infinitely better than a comparison of a drawing in Bto 
with a K photograph. The interval between successive photographs is often not more than 10 minutes, and 
in the majority of cases the changes in prominence form in this interval are trifling. The time occupied In [ 
taking the photographs does not permit of this interval being shortened appreciably. | 

Prop^tiee of Photographic Plates , — ^Before drawing definite conclusions regarding the differences in j 
apparent brightness of different parts of prominences in Oa*^ and Ha photographs, it has to be rememberi^d | 

that these photographs are not taken on ihe same kind of plates. For Oa*^ prominences, rapid plates of tfce | 

ordinary type are used, whereas for Ha prominences rapid panchromatic plates are employed. These two _ 
kinds of plates do not have the same characteristic properties, A study of their characteristics has been 
made with light of the same wavelength to which they are exposed in the spectroheliographs, the 
metric 'measures being made with a Hartmann photometer. The photometric plates were treated 
developed in a manner as similar as possible to the spectroheliograms. It is found that the gamma 
of the panchromatic plate exposed to Ha light is nearly three times that of the ordinary rapid plate exposed - 
to K light. This has an important bearing on the interpretation of the fainter parts of a prominence. V 

• Perepelkin, Z.f. Phyaik 49, 296. t Slob, B,A.N, No. 218, 120—1931. 

t Minnaert and Slob, B.AN. No. 187, 176-1930, § Peitit, Pnbl. AS. Pacific 68, 207-1931. : j ^ 

li Perepelkin, Z.f, Aatrophyaik, 3, 338—1931, 
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account of tlie higher gamma value the contrast between the fainter and bidghter parts ef a prominence in an 
Ha photograph will be greater than in a Ca-f photograph. Assuming equal effective exposure in the bright- 
est parts of prominences, it follows that faint details will be lost in Ha photographs much sooner than in Ca. 
phobographs. Consequently we see that at least part of the explanation of the absence from Ha photographs 
of the faintest parts of prominences lies in the different photographic properties of the plates used, Never- 
theless, not all the differences between Ha and Ca prominences are due to this, as may be seen especially 
clearly in figures 7, 8, 9 and 11 where the relative brightness in different parts of the Ca prominences shows 
that the absence from the Ha prominence is not a mere contrast effect. 

Effect of Sli'V Gonditiom . — It should also be remembered that sky conditions at the time of observation 
also affect the visibility of the fainter details of prominenc.s. For instrumental reasons the effect of poor: 
skies in extinguishing faint detail is greater in the case of the Kodaikanal K spectroheliogi*ams than for Ha 
spectroheliograms, i.e., the effect is in the opposite direction to that of the cliaracterisfcic properties of the 
photographic plates as mentioned in the pi’evions paragraph. In all of the photographs reproduced in plates 
I and II accompanying this bulletin the sky conditions were at least fairly good so that any effect of this 
kind may he left out of consideration in comparing these photographs. 

' I Effect of Doppler Displacements on S%}Got/ro}ieliograms—kB is well known, the spectrolieliograph, from its 
nature, cannot give a true picture in the presence of Doppler displacements. This defect is serious in the 
study undertaken in this bulletin, namely of the true form of prominences. If a part of the prominence is 
moving in the line of sight to the extent of displacing the line off the second slit of the spectroheliograph, 
this part of the prominence, will be missing in the photograph. Although both the Ca and Ha spectrohelio- 
grams will be subject to this effect in a similar way, it is not practicable lo aiumge that the effect will be of 
exactly the same amount in the two spectroheliographs. The width of the second slit of tli .‘ Kodaikanal Ha 
Spectrolieliograph is 2X0*17) A, corresponding to a Doppler displacement clue to 7 km/sec in either direction 
whereas in the K instrument the width of the second slit is 2 xO'25 A, corresponding to 20 km/sec in either 
direction, Although Dopider shifts of these amounts will not suffice to displace the lines completely off the; 
slit on account of the widths of the lines themselves, yet it is clear that Doppler displacements will have a 
greater effect on the Ha spectroheliograms tlian on the Ca spectroheliograms. 

The only way of eliminating the effects of Doppler displacements in prominence photographs is by 
phc)tographing prominences during a total eclipse with an cffijeotive prism. This has been doue ou many 
occasicms and all the available evidence seems to be that the form and height of prominences is the same in 
at least the elements Ca■^ H and He. On account of the infrequency of eclipses, the amount of evidence 
obtained in this way is not great. 

Plates I and Il \ — A few of the prominences photographed in Ca'’‘and Ha have been chosen for. 
illustratioa in Plates I and II accompanying this bulletin. An adequate representation of all the types of 
prominences photographed in three years would require a large number of plates but the examples chosen for 
reproduction have been selected in order to show not only typical prominences but alsq some of the extreme 
cases. Plate I shows chiefly prominences where the resemblance between the Ca and the Ha forms is very 
close. Figure I shows the whole limb of the sun on the 27th February 1929, with the . calcium photograph 
almost indistinguishable from the hydrogen photograph. In Fig. 1 the photographs are reproduced 
on the sanae. scale as the original. The remaining figures are enlarged 3 9 times. Figs. 2 to G illustrate promi- 
nences all of the quiescent type, except the one on the right of Fig. 6. With this exception, these 
prominences are all of the solid massive type, especiallj^ in Ha, and it is seen that the outlines and heights are 
practiGally identical in Oa and in Ha. Figs, 2 and 4, especially, indicate that the Ha photographs, are not 
suffering from underexposure relative to the calcium photographs, for in these the Ha prominences are 
relatively more dense and compact. Types of prominences which occur more frequently than the number 
cliosen for illustration would indicate are shown in figures 7 and 8. Here massive prominences in Ca light 
show only in skeleton form in Ha, although there is nothing to suggest underexposure in the latter. Whils^ 
generally it is the strongest |)arts of the Ca prominence which form the skeleton structure in Hr/., this is not 
, 2 
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invariably tbe case. It woxdd appear that in prominences of this type the ratio of the number of Oa : H 
atoms is not the same in all portions of the prominence, but conclusive evidence is not available in conse- 
quence of the possibility of Doppler displacements, although no radial motion was noted in visual observations 
in Hft. The difPerences between Oa prominence and its skeleton would appear to be due to differences of 
brightness rather than to any essential difference in the forms of the prominence in the two elements. 
Essential differences in the form of a prominence in Oa and Hot have only been noted in prominences of the 
type illnstrated in Fig. 9, where the arm indicated by the arrow in the Oa prominence, although one of the 
strongest parts of the prominence, is entirely missing in Ha, Its absence is not due to changing form as it is 
also present in the Oa photograph taken before tbe Ha. Presumably this is the type observed by Pettit*, 
but in Kodaikanal experience clear cases of such phenomena are comparatively rare. Fig. 10 illustrates a 
prominence, eruptive in parts, in which portions are relatively faint in Ha. Generally in eruptive promi- 
nences, the Ha counterpart is relatively fainter than in the cases of massive quiescent prominences and the 
degree of faintness varies considerably in different cases. Compare Figs. 6, 10, 12, 13 and 14 xn this respect. 
Probably Doppler shifts due to radial motion are responsible for some, at least, of these effects. In Fig. 11 
the high streamer is missing in Ha although not so extremely faint in Oa compared bo portions which are 
reproduced in Ha. Figs. 12, 13 and 14 illustrate types of eruptive prominences. Fig. 12 is the jet or fountain 
type over a sunspot’ and changes are taking place rapidly in its form. There is, however, nothing to indicate 
essential differences of form and height in the Ha photographs. In Figs* 13 and 14 the changes are slow® 
and apail; from differences of brightness there appears no essential difference in the forms and heights of the 
Oa and Ha photographs. It would have been easy to multiply examples of eruptive prominences. In oaaeg 
where rapid motions of ascent are taking place it is easily verified that the Ha form is ascending with the 
calcium. Even in the case of the remarkable prominence of 1928 November 19t the form is, up to the 
limits of the plate at 8^ above the sun’s surface, identical in Ha light (in the only Ha photograph taken) with 
the Oa counterpart. Indeed if the H atoms did not partake completely of the same motion as the Oa atoms, 
there could not be the similarity of form and height as is evidenced in eruptive prominences* For even if 
the forms were similar in the beginning, a difference in the speed of ascent would soon cause them to cease 
to bear any resemblance to each other at the same heights above tbe sun’s surface. The mere fact that 
ascending prominences have essentially the same form and height in Oa and in H would suffice to indicate 
that the motions of Oa and H must be identical. The essential identity of eruptive prominences in thei^f 
form, height and motion in Oa and H has a most important bearing on the radiation pressure theory, Pere- 
pelMn t finds, on the other hand, that the Doppler displacements of Oa and H® are not equal, the ratio of 
radial velocities for Oa + : H® being greater than unity, but these relate to movements in the line of sight 
which may not be caused in the same way as movements of ascent or descent in the sun. 

Fig. 15 is an extreme case of the difference of brightness of Ha in different prominences. The midfis 
liroinineiice is very much fainter in Ha than its brightness in Oa"^ would warrant. As a Doppler displace* 
ment amounting to 1’5 A was observed visually in the middle prominence, it is probable that the faintnesa to 
Ha is due to this cause. 


Selective Eadiation Pressure on Ionised OaJcmm.— Notwithstanding the fact that radiation pressufe 
cannot support the atoms of H and He in the sun’s chromosphere, yet it cannot be denied that selectite: 

pressure must operate at least on the atoms of Oa in accordance with Milne’s theory. MilnC^^C 
Shown § the amount of pressure of radUation from the sun’s photosphere is of the order required 
port a Oa chromosphere, any local enhancement of photospheric brightness driving out the Oa atoms tp 
fbt^m a prOniineiice, The calculated amount of the radiation pressure has been modified from Milne’s 

more accurate account of the exact amount of energy absorbed in the Oa 
It'has'ife be poised ^^^ 0 ^^ that the energy absorbed by Oa+ is still incorrectly estimated because the 


i '-■■'■M ■■ ■ Pettit^ lopr-0it. . 

t Eoydfl, 89, ?66-1928. 

»ert, Z. f , Phyflik, 45, SioMi#. ^ tfuifeid, Ap. J. 69, 209-^1999. 


X PerepeUdn, loc. cit. 

§ Milne, loc. oit. 

See Menzel, M,N., B.AS > 91, ^ 
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of radiation from wliicli the Ca + chromosphere is absorbing light is not the continuous spectrum from 
the photosphere, nor even the continuous spectrum after passing through the layer absorbing the wings 
of the Ca lines. Taking the K line, it is well known that Ca atoms above the photosphere are so 
conditioned as to give rise to the portions of the line known as K^, K* and Kg. The Ki absorption in the 
wings of the line comes from the deepest layers, the Ka reversal is caused by conditions in a higher 
layer not yet satisfactorily explained and the Ks absorption in the centre of the line is caused by the 
highest layers. If the sun’s chromosphere absorbing Ks radiation were removed we should not see, in 
the centre of the K line, either the sun’s continuous spectrum from the photosphere, nor this after 
absorption in the Kj layer. What we should see would be a bright line whose wings we know as Ka^ and 
Kau* How bright would be the centre of the Ka line we do not know, but presumably it would not be less 
bright than the observed Ka wings. Now the Ka reversals vary enormously in brightness in different parts 
of the sun. Even over the undisturbed areas of the sun, Ka is not uniformly bright as the Ca spectro- 
heliograms show. The normal brighter and darker network in these photographs possibly appears with 
greater contrast than the actual variations of brightness of the Ka line in quiescent regions of the sun. There 
is, however, no observation to suggest that the height of the chromosphere at the limb varies in a 
corresponding manner, a fact which is possibly due to the foreshortening of the close network at the limb of 
the sun. Besides this normal variation of the line in undisturbed regions of the sun, the Ka line is very 
much brighter over disturbed areas of the sun, giving rise to the calcium floccnli. Indeed Ka can be very 
much brighter than the undimmed continuous spectrum from the photosphere. So we see that the K* 
absorbing layer can be subject to radiation pressure which may vary between very wide limits over different 
parts of the sun. If the normal brightness of Ka is just sufficient to support the chromosphere against 
gravitation, the brightest states must force the Ca ‘‘‘ atoms above it completely away from the sun. Exact 
estimates must await photometric measures. 

If the radiation supporting Oa atoms comes from the K^j layer as mentioned above, there will also be 
a further effect when the prominence ascends. As explained by Milne, an ascending prominence will 
absorb light from the wings of the Ca line owing to Doppler displacement of the absorption line. Owing to 
the Kg reversals, however, the prominence will be subj ect to a decreasing radiation pressure as the absorption 
moves off the Kgv line. In undisturbed regions of the sun this minimum radiation is at about 0‘26 A on 
the violet side of the centre of the line, corresponding to a velocity of ascent of about 20 km/sec, but in 
disturbed regions the minimum radiatioii will be only reached by greater velocities. Should this critical 
velocity be overshot, then the ascending prominence will be subject to an ever-increasing radiation pressure, 
as originally conceived by Milne, until the absorption is displaced beyond the Ki wing. 

Conclusions: — 1. The comparison of photogi'aphs of prominences taken in calcium and in hydrogen 
light shows that the forms of quiescent prominences are essentially the same in these two elements, even to 
considerable detail. This is in* agreement with the conclusions of other observers. Since radiation pressure 
can only exert an appreciable force on the atoms of Oa ^ and not on atoms of H, this evidence is not in 
favour of the theory of radiation pressure as the force suppoi’ting prominences. 

2. Even in the case of eruptive prominences where the relative brightness in is generally less than 
in other types, the essential similarity of form and of height attained is maintained and the motion of ascent 
of Oa *'* atoms is also partaken of by the atoms of H. This evidence is also not in favour of the theory of 
radiation pressure as the propelling force in eruptive prominences. 

3. The relative brightness of the calcium K line and of theHa line may vary in different prominences 
and even in different parts of the same prominence. Owing to the possible effects of Doppler displacements 
spectroheliograms cannot offer conclusive evidence as to whether these variations in brightness are really 
due to varying proportions of the numbers of Ca and of H atoms. 

4. Consequent on the conclusions 1 and 2 above it seems quite clear that whatever force raises Ca 
atoms into prominences, and sometimes drives them away from the sun, is also acting, either directly or 
indirectly on hydrogen atoms also (and presumably on helium atoms as well). That radiation pressure on 
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Ca atom is appreciable cannot be denied. Whether it is possible for Oa atoms to be raised by radiatii^n 
pressure into prominences and for other atoms to be carried along with Oa t atoms, by collisions or in some 
other way, is a subject for investigation, but if radiation pressure on Oa atoms is the ultimate force lifting 
H and He atoms also, the weight to be supported by radiation pressure must take account of these atoms as 
well as those of calcium. It would not be of much help to find a new cause for supporting H and He 
different from that supporting Oa + , since it is unlikely that any such effect would be just sufficient to 
support H and He to exactly the same height as radiation pressure does Oa +. 

5. It is shown that calculations of the radiation pressure on Ca atoms must take account of tlje 
radiation in the reversals of the Ca + lines, but the effect oiomot be exactly calculated until photometric 
measures are available. 

T. EOTDS, 

Director, Kodaikanal and Madras Obaerwetwiet^ 
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THE YAEIATION IN AREA OF HYDROGEN ABSORPTION MARKINGS 

WITH LONGITUDE 

BY 

M. Salaruddhst, b.a. 


The results in this paper are based upon the Ha spectroheliograms taken at Kodaikanal Observatory 
during the years 1926'~1930. 

The areas of the Ha absorption markings lying longitudinally on the surface of the sun were measured and compared 
with those of the respective ones at the central meridian. The areas were found to be least at the central meridian 
increasing with longitude towards the limb. The ratio of the area of a marking at any longitude k to its area at the central 

meridian is found to fit the formula cos A + sin A whore b is the breadth and h the height of the marking 

above the chromosphere. The factor | was found to be about 1*8 for markings at all latitudes and 1*9 for the equatorial ones 


alone. 

The breadths of the Ha dark markings at the central meridian were measured for the two years 1926 and 1930. The 
mean breadth was found to be 17''*3 for markings at all latitudes and 15''‘4: for the equatorial markings alone. The respective 
heights deduced were 31"1 and 29''*2. 


Introduction.—The areas of Ha dark markings were originally regarded to behave in the same way 
as sunspot areas, varying as the cosine of their angular distances from the centre of the sun's disc, due to 
the curvature of the sun's surface. It was under this assumption that the measured areas of the Ha dark 
markings were corrected for foreshortening, before incorporating the results in the Kodaikanal Observatory 
Bulletins. This practice is still continued though it has long been known that the areas do not vary according 
to this law. This can be seen from the accompanying plate where a longitudinal Ha marking is followed 
from the eastern limb of the sun to the western, and it is quite evident that the area near the limb 
is actually larger than that near the central meridian. Since the areas of dark markings do not actually vary 
according to the foreshortening factor, the uhcorrected areas have been given in Kodaikanal Observatory 
Bulletin No. XO and onwards, the areas corrected for foreshortening being continued for the purpose of 
comparison with the previous bulletins. 

To find out some empirical law according to which the areas of Ha markings vary with longitude, a 
detailed study of a number of markings is required, and on the suggestion of Dr. T. Royds the present work 
was undertaken. 

Method and EesuUs.—ThB Ha dark markings selected for the purpose of this investigation were those 
that lay longitudinally or only slightly inclined to a meridian of the sun and that also persisted at least for a 
quarter rotation of the sun on the visible hemisphere. If a marking extended through more than 5° of 
latitude, the portion of the marking in each belt of 5*^ of latitude Was treated as an individual marking. The 
aregts of the markings were measured on successive days on which the Ha spectroheliograms were available 


293 


294 


and tabulated according to their observed longitudes from the central meridian m columns of 5 each 
ratios of these areas to those of the respective markings at the central meridian -were calculated 
purpose the mean area of a marking between 15 east and 15 west of the central ipendian was taken to 
its area at the central meridian The same procedure was adopted for all the available markings during 
years 1926—1930 

These results are shown in table I below The ratios for east and west are shown separately for mA 
year together with their means The numbers within brackets indicate the number of markmgs mossunt 
in each zone of longitude 

Table I 
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Table 1L 

Number of Markings measured in each Belt of Latitude. 

30 °- 35 ". 35 ”- 40 °. 40 ‘^^ 45 ^ 46 "-~ 60 ‘^, 

9 

15 
11 
8 
2 

45 18 2 1 

It was desired to know whether the equatorial markings differ in any way from those at higher latitudes 
in their behaviour with regard to area. For this purpose the markings lying between 15° north and south of - 
the equator were sorted out and their ratios calculated as before. The results are given in the following 
table : — 

Table III. 
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The results in tables I and II are represented graphically in diagrams 1 and 2, the ordinates represent- 
ing the mean ratios for the years 1926' — 1930 and the abscisssa the mean longitudes from the central meridian. 
These longitudes are the observed longitudes which are slightly higher than the real longitudes on account 
of the height of the markings above the chromosphere. But the difference between the measured and the 
true longitudes is small being only about 0°*5 at 45^' longitude, and about P at 60° longitude, assuming the 
base and height of the marking to be on the average 15'' and 30" respectively. Therefore, this difference 
was not taken into account in measuring the longitudes of the markings. Moreover, as the markings were 
grouped together in zones of 5° of longitude and as the mean longitude of each zone was taken to represent 
the mean longitude of all the markings in that zone, the majority of the markings would not be affected. 
Only a few of the markings would fall into the next lower zones. The effect of this would be to just shift 
the curves given below towards the left without seriously distorting their shapes. 
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1927 Mavch 21, 8’‘ 24™ G. G. T. 
Mean longitude 1H“Fj. 


1927 Mareli 22, 2’' 27“ G. C. T. 
Moan longitude 5°B. 


1927 March 23, 2^^ 49”‘ G. 0. T. 
Mean longitude 8°'W. 







Before proceeding to devise the exact nature of the change in the area of the marking with longitude, 
some assumption regarding its cross-section is necessary. In the diagram, 0 R S represents the equatorial 
plane in the sun, O, R and S being the points on the axis, east limb and the central meridian respectively. 
Consider a longitudinal Ha marking at an angle X from the central - meridian. Assuming the cross-section 
to be a rectangle, let E B G K in the figure represent a section of the marking at right angles to its length. 

• Let its breadth B B be equal to b, and its height J F be equal to h. 


Neglecting the effect of the inclination of the sun’s equator to the ecliptic which is small, an observer 
from the earth always looks at the sun in a direction parallel to S 0. He will not notice any appreciable 

change in the length of the marking, but to him A D will appear to be the breadth of the marking. But 
A D = A B + B D = b cos >- + h sin A,. 

On this assumption the ratio of the area of any marking at longitude X to its area at the central meridian 


will be cos ^ ^ sin A.. In diagram 1 the curve with alternate dashes and dots was drawn with the values 

calculated from this formula, assuming for | the value 1-5. It is evident that it cannot be made to fit 
the actual curve on account of the too rapid increase in ratios near the central meridian. 

It is therefore necessary to discard the assumption of a rectangular cross-section for the marking, and 
to assume a triangular cross-section instead, an assumption which is justified by the general shape of the 
prominences on the limb giving rise to the Ha dark markings. In the figure E B F represents a triangular 
cross-section of base b and height h. A 0 will now appear as the breadth of the marking when seen from 

the earth. A 0 = A B-l-(B D-C D) 

= b cos A. -f- (h sin A. - cos A) 


The length of the marking remaining the same, the ratio of its area at longitude X to its area at the 

central meridian will be cos X + ( ^ sin X- cos X). 

This is true only if 0 falls outside A B. For small values of X, 0 falls inside A B and the breadth of the 
marking will be only A B, so that the ratio will be represented now by cos X alone. 

As we have seen, this formula is derived taking into account a marking near the equator. It can be 
also shown that whatever be the latitude of the marking, the ratio of its area at longitude -X to its area at the 
central meridian remains the same to a close approximation. Moreover all the markings measured are 
between ± 40° of latitude. 

Now if the above formula were taken to be correct, we expect hat the ratios got by measurement should 
compare well with the ratios calculated from the formula, the constant ^ being properly chosen. In the 


diagrams 1 and ’ 2 the broken line curves were drawn with the ratios calculated from the formula as 
ordinates, taking the constant to be LS and 1'9 respectively. We see that these curves a^ee fairly well with 
the full line curves drawn with the observed ratios as ordinates, except near the limb where close agreement 
cannot be expected on account of the difficulty of obtaining reliable measures. 

The fact that very few markings remain quiescent for a long time and 
undergoing sudden changes with respect to their base and height shou no e a so . 

hoped that in the mean ratios for the five years given in the last row of table I, 
minimised. Besides as these are the means of ratios measured in the corresponding zones east and es 
the central meridian, any abnormal change in the eastern zone may be supposed to 

by a reverse cbange ill the corresponding western zone and vice versa. ’’sliahtlv higber than the 

parison o£ the ratios east and west ot the central meridian. The western tamos ^ 

eastern ones. This is probably due to the Jaot that most of the markings measnred to the wmit were growing 
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H&igJits qf the Ea Absorption Marking^. 

Tli 0 fornmla derivod in this paper not only explains the observed variation in the area of Ectf markinfi^ 
with longitude, but it also gives the relation between the height and the breadth of the marking. It sho\V:S 
that the mean height of a marking is about 1*8 times its apparent breadth near the central meridiaii* -Poet 
the equatorial markings, this ratio is slightly higher, viz,, 1*9. Therefore, if the mean breadth of a marking 
near the central meridian is known, its height can be deduced. For this purpose, the breadths of 116 mark** 
ings.for the two years 1926 and 1930 were measured by means of a micirometer. Of these markings only 38 
were within 15® north and south of the equator. Care was taken to measure the breadths only when the 
marMhgs were at or near the central meridian. In each case the mean of at least two or three readings was 
adopted as the mean breadth. The mean breadth was found to beO‘f54;mm. *or for markings at all 
latitudes and 0*48 mm. or 15^'4 for markings within i 15® of latitude. The heights deduced from these values 
were 31'^*! and 29" *2 respectively. 

These heights correspond with the absolute heights deduced in Kodaikanal Observatory l8ulletln 
No. LX31XIX by quite a different method. According to the arguments given there, it might have been 
expected here to get only about 5^ for the height of a marking, the lower portion of the markixxg to a hel|fhb 
bf about 28^ not showing itself by absorptiom It now appears from this paper that that is not the case 
With all marM 

In donelusion I wish to express my gratitude to Dr. T. Royds and Dr. A. L. Narayan for their valuable 
guidance and many snggestions* 
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TWO LONGITUDINAL ZONES OF APPARENT INHIBITION OP SUNSPOTS 

ON THE SOLAR DISC 

BY 

P. R. OHIDAMBAEA AYYAE, B.A., E.R.A.S, 


xl&s^raoif.— Observations of sunspots made at Kodaikanal during the years 1909 to 1929 have been utilized to study the 
occurrence of spots in different longitudes over the sun. It is found that there is a zone of apparent inhibition between 
longitudes 30° and 60° on either side of the central meridian. Spots of short duration tend to avoid the zones, while the long- 
lived ones show a diminution in areas when passing through them. 

Although observations of sunspots at Kodaikanal began in the year 1903, a new system of registering the 
observations was introduced in 1909, giving the serial number of each sunspot, or group of spots as the case 
may be, its heliographic latitude and longitude, the dates from and to which it was visible on the sun and the 
longitude, east or west of the sun^s central meridian, where it was when first observed. At the end of 1929 
there was a muss of material accumulated during 21 years and available in a convenient form. The nature 
of the distribution of sunspots in latitude was well-known, but no examination of their distribution in 
longitude had been made by anyone. Although, under ordinary circumstances, no peculiarity could be 
expected to exist in such distribution, as spots have an equal chance to occur in all longitudes on a rotating 
globe like the sun, it appeared desirable that the mattei* should be placed beyond doubt by venturing an 
actual investigation. Accordingly the Kodaikanal data were made use of for the purpose and the results 
are set forth in this paper. 

DistriJmtion of 1-day Spots. 

2. The investigation began first with spots of the shortest duration, namely those which were seen on 
single days only and disappeared before the next day’s observation. The second and third columns in the 
Kodaikanal spot register are headed “ Latitude N,” and ‘‘ Latitude S.” and the last column '' Longitude from 
Central Meridian when First Seen.” The positions of 1-day spots as defined by the register were plotted on 
squared paper in their proper longitudes and latitudes east and west of a central vertical line repre- 
senting the central meridian and north and south of a central horizontal line representing the equator, of the 
sun. There were 857 spots oE this class. As the plotting progressed, a remarkable and hitherto unsuspected 
feature began to manifest itself on the chart. The spots showed a distinct tendency to fall in three separate 
regions and tended to avoid two longitudinal zones, one on either side of and some distance away from 
the central meridian. The chart finally showed three concentrations of spot positions, one at the 
middle of the disc and one at either end, with an attenuation in the region between 30° and 50"^ of longitude 
east and west of the central meridian. The number of spots falling inside each zone of 5^ of longitude 
were then totalled up and a curve drawn to represent the arrangement of these totals in the different zones. 
It was found that the curve rose to a maximum in the region of the central meridian, fell off from 30® 
reaching a minimum in the zone 35° to 40^^ in the eastern hemisphere and 40° to 45° in the western hemi- 
sphere, and then rose to a secondary maximum near 60° and fell off again. 

3. At the suggestion of Dr. Royds, the Director, the data published in the Greenwich Photoheliographic 
Results ” were also examined for a similar effect for all the past years as far back as the data would carry us. 
There was material available for 39 years from 1874 to 1912 and there were 1,767 spots seen only on one day. 
The data regarding the spots are arranged in the form of “ Ledgers ”, which give information regarding each 
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ludiTidaal group for each day of observation, the latitudes and longitudes being given to a tenth of a degree 
From the ledgers the positions of 1-day spots were plotted in the same vray as was done for the Kodaikanal 
data, and a curve drawn to represent the totals in each zone of 5° as before The same phenomenon, sis was 
revealed by the Kodaikanal material, WoS seen m this case also There was, however, a slight difference in 
that the two zones of minimum concentration were located about 5° nearei the central meridian All the 
same, there was no longer any doubt as to the reality of the existence of the two zones of inhibition and thiee 
distinct regions of activity on the solar surface As far as 1 day spots are concerned the central region on 
the solar disc appears to be the most active and the two regions on either side, beyond the gaps of inhibition, 
comparatively weaker 

4 The numbers east and west of the central meridian are combined and means derived The upper 
curve in diagram 1 shows the meahs so derived for the Greenwich data and the lowei curve shows the same 
for Kodaikanal The broken hnes are the smoothed curves for the two classes of data They show to better 
advantage the existence of the zones of comparatively smaller activity between 30° and 50° of longitude in 
both the eastern and western hemispheres 


I — 1 Spoto 'in 



5 The interesting results obtained in the case of 1-day spots naturally led to the question whether the 
same kihd of inhibition could also be observed in the case of spots of greater duration The case of 2 da^ 
therefore tekep up Spots of greater and greater duration naturally made the problem less add l6SS 
from the data furnished by the Kodaikanal register, only the first appearances of each, class of 
^i^fcpmd'bestudied. As the sun's disc is daily examined for spots, any new spots observed on a particfilaf 
mve come into being some time between that day’s and the previous day’s observations Of cotete/ 

an* or most of them, come round from the dtihlf 
l^niig these, all other spots ihnst have had their origm somewhere near and to the- east of 
f which they were first noticed An examination pf these longitudes, therefore, shonl^d'g{iS 
^ '^^4 pieces of origin of the Sppts On plotting the first appearances (i e , the lingifttdW 

n) OT 2 dey spots, 38ff In nhmber, in the same way as* the 1-day spots were treated, ft 

^ ^ appearaneeg-v^uka mimmmii^ the j!!onee of Ihhihitioh revealed by the 1-day spots, 
concentration became leffl conspicuous than the two lateral ones 



other Glasses of Spots. 

6. The same examination was extended to spots of greater duration, but it appeared unnecessary to plot 
the first appearances in their actual positions in latitude and longitude, as in the previous cases. So columns 
were opened representing each 5° zone of longitude and the first appearances of each class from 3-day spots 
to 8-day spots were separately entered in the respective zones in which they fell according to the longi- 
tude given by the register. The total numbers of each class of spots were, 270, 240, 187, 159, 148 and 124 
respectively. The number of each class in individual zones were then totalled ’up. ’ The’ distribution 
of each class is represented by a curve in diagram 2, along with the curves for 1-day and 2-day spots. 

2 . 
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The picture presented by the ourvea is very interesting Excepting in the case of 1 day spots the central con 
centration occupies a subordinate position and the two lateral concentrations become the stronger Besides while 
the peak on the east is more or less permanent in position that on the west shifts more and more eastwards 
according to the duration of the spot so much so that the western peak in the curve of 4 day spots oS found 
over the region of inhibition m the west and the western peak in the curve of 8 day spots lies over the 
inhib t on zone in the east This no doubt mihtates against the idea of two permanent zones of comparative 
mactivity on the solar surface but we have to remember that these spots represented by the peaks xn the 
west are those of which we had two three four five etc observations ao ordmg to the to which they 
belonged and that the last observations of them were near the west limb of the sun Hence we cannot say 
whether they die out at the limb or disappear from view on the invisible hemisphere They must therefore 
be considered as spots having a duration longer than two days three days or four days etc as the case may be 
The peaks have therefore to be regarded as spurious to some extent as the number of real 2 day 3 day 4 day 
etc spots must be much smaller there But m spite of the exceptional behaviour of the 4 day and 8 day spots 
the totals as well as the means of all the columns unmistakably record a fall m the regions where the two zcmes 
are expected to he as can be seen from the cur e at the bottom of diagram 2 The means for east and west 
for 2 day spots and for the average of all the classes up to the 8 day ones are shown by the two curves in 
diagram 6 The troughs in the two curves at the seat of the zones is quite evident 
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at the time of observation. The trouble in reducing their areas to any fixed standard positions is enormous. 
The simplest case and at the same time one that would offer a crucial test appeared to be that of 13- or 
14-day spots which start from the eastern end of the disc and travel to the western end, passing through 
both the zones of inhibition on their way. Here too there were some difficulties. For instance, the succes- 
sive observations of two 13-day spot groups Nos. 954 and 987, as given in the G-reenwich Photohelio- 
graphic Eesults, were at longitudes “75^6, ~ 65^.5, “59^.9, ’-•36°.4, -22^1, -8°-6, +4^0, +12°’7, +26M, 
+ 43^8, +52°.7, +70°.8, +79% and -80% -65% - 37% - 25% - 12% + 1% + 10% + 29% 
+ 40^.5, +54^.3, +68°.7, +80°.4, respectively, east being reckoned negative and west positive. It is evident 
that the comparison of the areas of a large number of spots observed at such varied longitudes cannot be 
undertaken before they are determined for all groups for some stated longitudes. The following method was 
adopted for this purpose. On a large sheet of squared paper every 5° of longitude was marked along the 
abscissa up to 80^ on either side of a central vertical line representing the central meridian of the sun, 
the ordinates being made to represent the areas of spots. From the Greenwich Photoheliographic Eesults the 
areas for each 13- or 14-day spot-giX)up at the longitudes of observation were taken and plotted on 
the squared paper and the points were joined by straight lint'S. From the curves so obtained the values of 
the areas at 80*^, 75°, 70°, 65°, etc., on the east and west up to the central meridian were read off and entered 
in tabular form. In this way were reduced all the 13- and 14-day spots given in the Greenwich 
Photoheliographic Results for the years 1874 to 1885, excepting a very few which displayed most extravagant 
changes or whose areas could not be confined within the limits of the squared paper. There were 113 spot- 
groups studied in this way. It is true that, strictly considered, the areas so derived for the adopted standard 
longitudes are not quite accurate, for dmdug the interval between any two observations the areas might have 
undergone irregular changes, whereas the method of reduction adopted assumes that the change during the 
interval has been uniform. It is believed, however, that the error due to this assumption will not be large. 
It may be mentioned that the same assumption has been made in order to fill wider gaps in the Greenwich 
Photohelio. Results, when there were no photographs available for certain days. The data obtained by the 
method described above give the areas of spot-groups for every 5° of longitude from 80° east to 80° west. 
Curve I in diagram 4 represents the mean of the areas of 113 groups, and I [a) by the side of it the mean 
of east and west combined. Although the curve shows a general deterioration in areas, as groups transit the 
sun’s disc, there are perceptible dents in it on either side of the central meridian at the stages where the 
zones of inhibition are situated. In the course of plotting and tabulation it was noticed that the majority of 
spot-groups underwent many kinds of vicissitudes during their life on the visible disc, such as blazing np in 
area, acquiring or dropping oufc companions, splitting up into smaller spots or joining with others to form a 
compact one. The areas were reduced regardless of these changes, so that if the influence of the zones could 
be detected even under the most adverse conditions, the existence of the zones could be established beyond 
any doubt. During the final stages of reduction, all spots which were described as “ Regular ” in the Green- 
wich ledger and which did not exhibit any pronounced changes were noted. There were 33 spot-groups so 
marked, and these were totalled and averaged separately. This is represented by curve II in diagram 4. 
Curve II (a) by its side shows the ineau for east and west. It is clearly seen that when the changes due to 
extraneous caaises are removed, the influence of the zones is seen to better advantage, but even in the cases 
described as “ Regular ” the conditions were not ideal. There are indeed very few spots which are quiescent 
and show absolutely no changes. If we were to confine ourselves to such ideally quiescent groups only, the 
material for discussion will be very meagre, but it is likely that an assemblage of data given by a large 
number of such groups would bring out the existence of the two zones most clearly, as can be seen from 
curve III in diagram 4. It is the curve of the area of a single spot-group, No. 765, which is described 
in the Greenwich ledger avS “ A Regular Spot with a Small Companion.” As all changes seen during the 
life-history of every group are briefly noted at the head of the table pertaining to each, the absence of any 
mention of changes shows that the group selected was a quiescent one which simply transited the sun’s disc, 
undergoing only the general deterioration which, as already noticed, affects all spots. This group may there- 
fore be taken as free from outside influences and may be expected to behave in an almost ideal fashion when 
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paeaing through the zones of inhibition and that is what it has done as its ciiiwe and the mean curve III (<k) 
clearly show 

©'Ka^'fcatM- 4 


Chanty tk Kiea f 
73 day Sicn^^ioCs as they Or th S n Dis 



Xkmcludiom 

1 ®i«re are two zohes on the sun‘s disc between 30 and 50 of solar longitude east and west wMoh. 
exercise an apparatt inhibitory influence on sunspots 

^ The short-lived spots tend to avoid the two zones and the areas of long lived ones are reduced to StSlflh 
extent while passitsg through Stem. 

I Spot-groups passing the sun s disc from end to end a general deterioration m areas Is 

noBced ThiS requires explanat on 

lit 2o»es of inhibition occupy a permanent place with respect to the stun S 

The origin and the ph3«* 

«d fiitoe of the two zones have naturally to be explained with due regard to this fact 
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BUMMAB-y OF PEOMINBNCE OBSEEYATIONS FOE THE SECOND HALF 

OF TI-IE YBAE 1931 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the Inter- 
national Astronomical Union, all observatories baking spectroheliograms of the sun have been asked to 
co-operate with the Kodaikanal Observatory by supplying copies of their photographs on those days when 
the Kodaikanal records are imperfect or wanting. In response to our requirements for the second half of the 
year 1931, the Mount Wilson Observatory supplied calcium (Kas prominence plates for 47 days and Ha disc 
plates for 28 days ; the Meudon Observatory supplied calcium (Ks) disc plates for 4 days and Ha disc plates 
for 19 days ; and the Pitch Hill Observatory (Mr. Evershed’s) at Ewhurst, Surrey, England, supplied one Ha 
disc plate. 

When only incomplete or imperfect pliotographB for any day are available from more than one observa- 
tory, the best photograph is chosen as representing the solar activity of that day after weighting it according 
to its quality, and the remaining photogi*aphs are ignored. 


Calcium Priminences at the Limb, 

The mean daily areas and numbers of prominences ipliotographed during the half-year by means of the 
K line of calcium are given below. The means are corrected for incomplete or imperfect observations, the 
total of 17 i clays for which plates were available being reduced to 159 effective days. 


North 




Mean daily areas 
(square minutes). 

1-94 

Mean daily 
numbers. 

5-93 

South 

... 

... 

... 

1-89 

6-20 





Total ... 3-83 

1213 


Compared with the previous half-year both areas and nnmbers show a decrease of about 6 per cent 
and 11 per cent respectively. 


# 
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For compariaou with bulletins issued prior to the co-operation of other observatories the means based on 
Kodaikanal photographs alone are also given, 142 days of observation being counted as 124 effective days. 



Mean daily arena 

Mean daily 


(sqnare minutes). 

iiumbera. 

North (Kodaikanal photographs only) 

2-13 

6-54 

South ( do. ) 

2'08 

()-74 


Total ... 4'21 

13-28 


The distribution of prominences in latitude is represented in the following diagram, in which the full 
line gives the mean daily areas and the broken line the mean daily numbers for each zone of 5° of latitude. 
The ordinates represent tenths of a square minute of arc for the full line and numbers for the broken line. 
Compared with the previous half-year the diagram shows very little change in tlie distribution of activity in 
the various zones except for a slight fall near latitude 10°. 



monthly, cmarterly and half-yearly areas and numbers, and the mean height and mean extent of till 
prominences on photographs from all co-operating observatories are given in Table I. The unit of area ifl 
i ^rm^ ^ntite ofarc. The mean height is derived by adding together the greatest heights reached by 
I by the total number of prominences observed; the mean extent !^' 

^ f tie of tie 0. tt.. ohroMoophore of todMttaal prominono* mi ' 

by the total nuinb^ of prominences. 
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Table I. Abstbact for the second hale of 1931. 


Months. 

Number 
of days 
(elfective). 

Areas. 

Numbers. 

Daily means. 

Mean 

height. 

Mean 

extent. 

Areas. 

Numbers. 

19B1. 






/f 

0 

July 

27", 

114-6 

334 

4-2 

12-1 

33-2 

5-48 

August 


108-6 

344 

3-8 

12-0 

34-7 

4-98 

September 

28.i 

128-5 

391 

4-5 

13-7 

32-9 

4-89 

October 

28| 

135-0 

386 

4-7 

13-4 

34-0 

501 

November 

25^ 

72*2 

294 

2*5 

11*6 

80-0 

4-24 

December ... 

2Qk 

50*2 

180 

2-5 

8-9 

31-3 

4-95 

Third quarter 

84f 

351-7 

1,069 

4-1 

12 6 

33-6 

6-10 

Fourth quarter 

74i 

257-4 

860 

3-5 

11-6 

3-2-1 

4‘73 

BuCoiid half-year . 

169 

609-1 

1,929 

n-8 

121 

32-9 

4*94 


Dishihution east and west of the sun's axis* 

As in tlie previous lialf-year, both areas and numbers showed a defect at the east limb as will be- seen 
from the following table : — 


1931 July to Docombei*. 

East. 

West. 

Percentage 

East. 

Total number observed 

940 

979 

48-98 

Total areas in square minutes 

279-6 

329-5 

45-90 

Hydrogen Prominences at the Limb* 




During the half-year, photographs of the pi'ominences in hydrogen light were taken in this observatory 
on 119 days which were counted as 109 effective days. The mean daily areas, in square minutes of arc, of 
hydrogen prominences are given below : — 

Mean daily areas 
(square minutes). 

North ... V.. 0*76 

South ... ... ... — 0*63 


Total ... 1*39 


Compared with •the previous half-year, 'B.a prominence areas show a decrease of about 3 per cent. The 
percentage of Ha areas to calcium areas is 33, nearly the same as in the previous half-year. The curve of 
distribution of Ha prominences is similar to that of calcium prominences. The northern preponderance is 
still more marked in the case of Ha prominences than for calciitm ones, the ratio of the northeim areas to 
the southern being 1*21 and 1*02 for Ha and K prominences respectively. 
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Metallic ^prominences 

Only one metallic prominence was observed daring the half year Its details aio given below — 
Table II— List of Metallic Promin snobs— July to Dbobmbbr 19^1 


Date 

Tune 

1ST 

i 

Base 

Latitude 

Limb 

Height 

Lines 

North 

1 

South 

1931 1 

Not 16 

H M 

8 39 

2 

10 

o 

E 

it 

10 

4924 1 501G, 5018 6, b, ba, bi 62 )4 8 6276 2 5816 8, 
Da t)i and 7066 


Displacements of the hydrogen lines 

Particulars of the displacements observed in the chiomospheie and prominoncos are given in the 
following table — 


Table III — Displacements op the hydrogen line 


Date 

Tune 

1ST 

Latitude 

Limb 


[North 

South 

Red 

1931 


H 

m: 

o 



A 

July 

5 

9 

8 

45 


E 

1 


16 

9 

36 

10 


B 

05 


20 

8 

o8 

8 


W 



9 

0 


27 

W 



23 

9 

5 

25 


w 

3 


9 

19 


82 

w 

2 



9 

8 

2 


w 

1 


26 

9 

6 


7 

E 

1 


31 

8 

58 


57 5 

W 

1 

Aiignst 

9 

56 

13 


E 

1 

18 

8 

49 

455 


E 

1 

September 


8 

40 


335 

W 


2 

9 

29 

22 5 

W 

2 


4 

8 

55 


746 

W 




8 

62 


355 

W 

1 



8 

45 


1 

W 

06 


5 

8 

8 

40 

58 

82 

586 


W 

E 

Slight 

Do 



9 

0 

12 


E 


16 

8 

42 

62 


W 

05 


9 

3 


705 

E 


18 

9 

1 


7 

E 




8 

61 


65 

W 

16 


20 

8 

44 

11 


W 

05 


9 

23 


61 

E 


23 

9 

9 

26 

47 

8 

54 

E 

W 

Shght 


26 

9 

9 

53 


E 

1 


27 

8 

52 

21 


E 

! Shght 

Oetober 

1 

8 

54 


7 

W 



2 

8 

55 


16 

W 

1 


9 

8 

65 


585 

w 

2 


11 

8 

62 

12 


w 



9 

17 

55 


E 



13 

8 

43 


445 

w 

1 


30 

8 

55 

31 

E 

05 


Displaoement 


Yiolet 


Both ways 


a 


A 


Roiuarka 


1 

Shght 


Slight 


Slight 

1 


06 

Shght 


Shght 


05 


At top 
Do 

At base 
At top 
Do 

In ohromosphoie 
At base 
At top 
Do 

At base 
Do 
Do 

At top , extends over 6® from 20® to 26® 
In chromosphei e 
At top 
Do 

In ohiomosphere 
Do 
Do 
Do 

At top 
At base 
Do 

In ohromo sphere 
Do 

At top 
Do 

In chromosphere 
At top 


1 

Shght 


In chromospiTere 

At top extends over 2" from tT 
At top 
Do 
Do 

At base 
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Date. 

Time 

I.S.T. 

Latitude. 

Limb. 

i 

Displacement. 

Eemarks. 

North, jsoutli. 

Eed. 

Violet. 

Both ways. 

1931. 

H. 

M. 

o 

0 


A. 

A. 

A. 


November 8 

9 

6 

27 


W 


1 


At base. 

9 

9 

34 

19 


w 


1 

i 


14 

8 

\08 


25 

w 

Slight 



At top. 

16 

8 

29 

39 


E 

0*5 



At base. 


8 

39 

10 


E 


0*5 


Do. 


8 

39 

1 


E 

1 



At top. 

18 

9 

37 


50 

E 

0*6 



Do. 

22 

10 

10 

29 


E 

2 



In chromosphere. 


10 

50 

3 


W 

1 



At top. 


10 

49 

11 


W 


1 



23 

8 

24 


2 

E 

0*5 



At base. 

December 3 

10 

26 

37 


W 


Slight 


At top. 

18 

10 

35 

26-5 


E 

1 



At top ; extends over 3° from 25^" to 28®. 


9 

34 

15 


W 

1 

1 


T 0 red at top, to violet at base. 

19 

9 

0 


20 

E 

1 



At base. 


9 

23 


11 

W 

0*5 



At top. 

28 

10 

36 


34 

W 

1*5 



Do 


10 

36 


28 

W 

1 



In chromosphere. 


10 

84 


5*5 

w 


0*5 


At top. 

31 

8 

54 


52*6 

vy 


1 


At base, extends over 3® from 51“ to 54®. 


The total number of displacements was 57 as against 188 in the previous half-year and their distribution 


was as follows : — 

North. 

South. 

Latitude. 

rs3o° ... 

21 

12 


9 

8 

61°-90"^ ... 

2 

5 


Total ... 32 

25 

East limb ... 

... 

23 

West limb... 

... 

34 


Total .*• 

57 

Eeversals 

and displacements on the sun^ s disc. 


SeTenty-nine bright reversals of the Ha line, 74 dark reversals of the D, line and 9 displacements of the 


Ha line were observed during the half-year. 

Their distribution is given below : — 
North. South, East, 

West. 

Bright reversals of Ha 

54 25 

41 

38 

Dark reversals of Da 

51 23 

38 

36 

Displacements of Ha 7 2 

Seven displacements were towards the red and two towards the violet. 

7 

2 


Pro))vinenGes projected on the disc as absorption markings. 

Photographs of the sun’s disc in Ha light were available from Kodaikanal and the co-operating ohserva- 
toides for a total of 175 days, which were counted as 166 effective days. The mean daily areas of Ha absorp- 
tion markings (corrected for foreshortening) in millionths of the sun’s visible hemisphere and their mean 
daily numbers are given below 

areas. numbers. 

1,338 8'55 

841 5*54 


North 

South 


Total ... 


2,179 


14*09 


310 



Th.e above show a decrease of less tihan 1 per cent in ai'eas and of about 8 per cent in numbers, compared 
with the previous half-year. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means based on 
Kodaikanal photographs alone are also given, 133 days of observation being reckoned as 12G effective days. 


North (Kodaikanal photogi’aphs only) 

Sonth ( do. ) 



Moan daily 
aroKM, 

831 

Moan daily 
nmiiborH. 

8'(52 

.'5’48 


Total 

2,131 

14-10 


The distribution of the mean daily areas in latitude is shown in the following diagram. The high latitude 
peaks in both the hemispheres noticed in the previous half-year have advanced 5® towards the poles and the 
small peak near 20° in the south has disappeared. 



^6 areas and numbers show an eastern defect, the percentage east being 46 in both. 
The areas of Ha absorption markings nncorrected for foreshortening are given below 


North 
South ... 


Moan daily 
areas. 

7G9 

454 


The uncorrected areas amount to 56 oer CAnf nn x i 

«iS%iT. d adHbotloii in latitode i simita to Hurt f »““• tte same aa in the previOM hnll-rmi 
mnl. a« to t, ttn to to 

* ™ photographs supplied by them. 


P»(ira,8 oww#} 


K. R. RAMANATHAN, 

Acting Ihrector, Kodaikanal Observatory. 
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BULLETIN No. XCIX. 


ON THE RESONANCE LINES OF THALLIUM AND THEIR PROBABLE 

ABSENCE IN THE SUN 

BY 

A. L. NAEAIAN, M.A., B.SC. 


Ahstraot — Using a specially constructed vacuum arc containing a two per cent amalgam of mercury and thallium, the 
wavelengths of the two resonance lines of Thallium XX 5361 and 3776 (6®P-7®S) have been determined by the interferometer 
method and their intensity variation with current has been studied. The fine structure of these lines has been investigated 
by using a quartz Lummer-Gehrcke plate {S mm x 200 mm), a glass Lummer-G-ehrcke plate (4-8 mm x 135 mm) and etalons 
of fused silica plates 2 and 2-5 mm in thickness. The probability of the existence of thallium in the sun has been 
discussed. 

The identification of Fraunhofer lines -with those of elements known on the earth is of special interest 
and importance in view of the fact that, apart from other things, it tells us what constituents are common to 
the sun and the earth. One of the important methods of identification is based on coincidences with the 
solar lines. It requires accurate determination of wavelengths. Thallium* is represented in the solar 
spectrum by the two lines 5350.505 and 3775.712 of intensities (- 3) and (- 2) respectively which are the 
most persistent lines of the element. The existing laboratory measures are correct only to two decimal 
places. Owing to the fact that the pressures in the reversing layer and chromosphere are very minute the 
wavelengths in the vacuum are should furnish an accurate basis of comparison of laboratory wavelengths with 
solar wavelengths. No attempts have thus far been made to determine the wavelengths of these lines in 
vacuum. In order to determine whether traces of thallium are to be found in the sun by a more accurate 
investigation, experiments were started by the author to determine the wavelengths of the important arc lines 
of thallium in vacuum and to study the behaviour of these lines under different conditions of excitation. 
In order to eliminate self-reversal and to produce sharp lines, a special type vacuum arc lamp (Fig. I) was 

constructed. It was made of pyrex glass into which 
tungsten electrodes were seal'd. The side tubes carrying 
the electrodes contained a 2 per cent amalgam of mercury 
and thallium. 

The cathode was throughout kept cooled by surround- 
ing it with running water. Owing to the very low partial 
pressure of thallium the lines were found to be extremely 
sharp. At the same time the lines of mercury served as 
standards of comparison for wavelength measurements. 
The wavelengths of the lines were determined by using 
fused silica etalon plates of different thicknesses. The 
ring system was projected on the slit of the spectrograph 
by means of an achromatic focussing lens. Besides this, 
photographs were obtained also of the arc in air using the 
second order of a parabolic grating of II feet focus, A 
12 mm Pfund type of arc with iron poles, carrying a 
current of four amperes was used. A small quantity of 
the metal or its salt was placed in a cnpshaped hollow 


Fig. 1. 

Hg~Tl vacuum arc. 
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in the lower electrode. In this way iron lines which served as standards were photographed simultaneously. 
It is interesting to note in this connection that with smaller concentration of T1 more consistent and regular 
results were obtdned. The investigations of Dr. T. Eoyds on the apparent tripling of certain lines in the 
Arc Spectra (Proceedings of theEoyal Society, A, VoL 107, pp. 360-367) which showed that the behaviour of 
the T1 5350 line can be explained as different stages in the self-reversal, will explain the reason for this 
behaviour. 


Wavelength Determination, 

For rays of light of wavelength X incident on an etalon of thickness t, a bright ring will be produced in 
the focal plane of the lens if n-l-a=at cos. *. If a is the fractional part of the order of interference at the 
centre of the ring system, dp and dq be the measured diameters of any two rings p and q of the system It can 
be easily shown that 

Cp-l)dq»-rq-l)dp» 

' dp«-dq« 

The values of « can therefore be calculated from a knowledge of the diameters of any two rings. KaowN 
ing . the value of \ can bo determined from the relation 2t = no X = (n -f o)X. 

To determine the thickness t with precision, the etalon was first measured with a gauge. The value was 


thou improved from measurements of known standard mercury lines, 
for the thickness of the two etalons used in this investigation : 

By meoaurement. 

Etalon No. 1 ... ... 2.55 mm. 

Etalon No. 2 ... ... 1,99 mm. 


The following results were obtained 

By oftloulation. 

2.55397 mm, 

2.0110 mm. 

Expemn^ta^owthatthepeneti^tionmtothesilverfilmdependsonthewavelength and the distaxKW 

V wavelength. This is Interpreted as being due to thel^ 

^ I wavelength. The usual method of 

«hi<*BeaaM account is by obtaining measurements for the same film but, fnr 

possible to adopt this method as the etidons were plamparaltei 

pistes of sihea. Emag the wavelength values of Hu vivon +T,.. i were piane pawuam 

wsvekffigtiffl wtwe obtained from the following equation ° (phase-ohange) for diJEafeSi* 


* ^2 V 8E* “ 8Ja*J ~ p» 


When the valines for phase-change were obtained for each nf tho • j • . 

is snrprititig to find that the deviations in the values of nhase ch °aod m these experiments, It 

madftshortly to dopotit films of stiver by catho^ dische ^ ® decidedly large. Attempts will be 

of variation of pbase-obanga. The following mea f ^ ^ evaporation in Tacuum and determine the 

^ were actually obtained for phase-change I-. 

.020 for X = 3775 7 

and €= - .006 for X= 5350^5 

^ two rewBance tines of T1 the following Hg lines were used 


of 

asstandeerds 

; XLA,. ■ 

: - W9M58 A. 

V - 5 mfi 9 l , A .- ^ 

iumatte, in cno!? ! diameters of the ri 


^ lA. 

491fij05lA. 
4.353.342 A. 


XLA. 

3662.880 A. 
3654^532 A. 


ia found to b® .0035A In rings the probable error erf 

following table are given the mean values of the 


Paf4l»teoi*8ena«»]inosin;ir' ^“^“Uowing table are given th 
- - ^ ^■^®i>iterferometer method:— 

6*PWS1 sSteT 

6 *ft- 7 *Si 3775,7241 53 ® 0 jS«s 


3775.712 


-.012 
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The mean values of a obtained in arc reversals by the parabolic grating are 

5350.4980 A* 
and 3775.7297 A. 

As the effect of pressure on these ^wavelengths is not knov^n with definiteness, these values could not be 
reduced to vacuum. 

In T1 as in the allied elements Hg and Bi, complex structure is manifest to a high degree. A study of 
the fine structure of the two resonance lines by the author has shown that the lines have four or more 
components spread over a range of nearly 0.15A. On account of this highly complex structure, naturally 
the accuracy of the results will by no means be the highest of which the method is susceptible. This renders 
comparison -with solar lines difficult. 

Experiments were tried to determine how the intensity of these resonance lines, produced by the above 
method, varied with current. Exposures were taken with currents varying from 3 to 10 amperes through 
the arc. The spectrograms were then measured on a Cambridge Microphotometer for densities. 

If d is the density of the line, 

d = log.o y' = l0g.„:^ 

I2 Wg 

where I], Is are the intensities of light through the blackened and unblackened portion respectively and Wj 
and ws are the electrometer deflections. In Fig. 2, the intensities of the lines are plotted against the 

2. current and it will he seen that above 6 amperes there is a 

rapid increase in intensity with current. The increase is more 
marked in the case of A.535iA, 

To determine the intensity of the lines in the source in each 
case densiby-intensity curves were first plotted for the two lines in 
the following way. Light from Hg-Tl vacuum arc, carrying a 
steady current of four amperes is made to fall on a ground-glass 
screen by a condensing lens. Light from the central uniformly 
illuminated area on this screen is then allowed to fall on the slit 
of the spectrograph and spectrograms were obtained with slit 
widths of 0.4, 0.8, 1.2 and 1.6 mm and the same exposure times. 
The intensity of light coming through different slit widths and 
the same exposure as spectrograms is proportional to the slit- 
width. The plate was microphotometered for density values. 
0 2 4 6 8 10 12 14 16 Intensity-density curves were constructed from these data at the 

Current in amps. -wavelengths of the two resonance lines, 

Hyperflne Structure of the Resonance Lines, 

Several investigators have found from time to time that the arc lines of Tl exhibited a fine structure and 
that the fine gtructirre separations are much smaller than the splitting due to the couplings between the extra- 
nuclear electrons. Fine structure observed in spectral lines might be due to [a) the Isotope Effect” arising 
from the difference in the structure of the nucleii and (5) a spinning nucleus. In the latter case it is the 
interaction between the magnetic nucleus and the resultant mechanical moment of the extra nuclear electrons 
“J’’ that contributes to the hyperfine splitting of the levels. By analogy with the spinning electron, a 

spinning nucleus is associated with a mechanical moment (=* '^) where ^ is the corresponding spin moment 
quantum number of the nucleus. It has been shown in recent years that there is a close similarity between 
the ordinary multiplets and the hyperfine multiplets. The theory predicts that the fine structure separations 

♦ It is quite possible that this low value is due to the high density employed blending the main components. 

2 
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follow the interval rule accurately From the hypothesis of nuclear spin several investigatoi’S obtained 
intensity formulae which are found to hold good exactly in the case of seveial hf s There are, however, 
large discrepancies between the predicted and observed intervals even in relatively simple cases 

The fine structure of the arc lines of T1 has previously been studied by Ruark and Ohenanlt", by Back*, 
by Wall Muhammad*, and more recently hy McLennan and Crawford‘S, by Schular and Keyston® and by 
Jackson'^ There seem to be considerable differences between the results of the different investigators The 
deviations in some cases are so large that it is difficult to interpret them as such 

Fme structure patterns are not generally completely resolved owing to the effect of electric fields and 
pressures in broadening spectral lines Owing to the extremely low pstrtial pi essure of T1 vapour in the 
above mentioned source, it was felt that it would be particularly useful for the study of fine structuro A 
systematic study of the fine structure of the arc lines of Tl, particularly the two resonance lines, was therefoie 
undertaken by the author, using for the purpose a quartz Lummer-Gehrcke plate (8 mm x 200 mm), a glass 
Lummer-Gehrcke plate (4 8 mm x 135 mm) and fused silica plate etalons of 2 and 2 5 mm thickness 


Ihsciisaion of Results 

As there seemed to be a considerable amount of divergence in the lesults of the earlier investigatois, it 
is proposed to deal in the following hues, only the more recent results 

In a note to ** Nature ” (October 17, 193 L) it was pointed out by the author that A* 5T) 1 A was a quartet and 
that its structure could be interpreted by assigning an isotope displacement of about 0 05 cm ^ and that the 
line ^ 3776 exhibited a very complex structure consisting of five components though no isotope effect was 
found in this case Schuler and Keyston independently found a similar isotope displacement in the case of 
^ 5351 while McLennan and Crawford discovered no trace of isotope shift 

Schuler and Keyston and Jackson found the hne ^ 3776 to be a triplet and the structure was interpreted 
by the former by supposing the absence of an isotope shift Farther observations were made by the author 
on the structure of this line under different conditions of excitation These subsequent photographs clearly 
showed the line to be a group of six components The following table gives the structure of these lines as 
observed hy the author — 


Line 

Fine stmctnre components 

In A 

In om '■ 

X 5351 

a 


0 000 

0 000 



A 

-0 015 

0 053 

6*PI -7‘Si 

b 


-0110 

0 385 



B 

-0128 

0448 

X 3776 

a 


0 000 

0 000 



A 

-0 007 

0 050 

6‘P* -7*S4 

b 


-0 054 

0380 



B 

-0064 

0 450 




-0 117 

0820 


0 


-0154 

1080 



0 

-om 

1150 


Prom a consideration of the distribution of the satellites indicated in the above table it is found that tl)#" 
complex structure of ^ 377& could be quantitatively mterpreted if we suppose that the “ ** term hfceiSxe" 

“ 'Pf term shows an isotope displacement of about 0 060 cm-" Miorophotometno traces of the Immmett 
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pattern f or ^ 3776 for two different current values are shown in Fig. 3. The level schemes are shown in 
Fig. 4. There is however a component at - OllTA which does not find a place in the above scheme. 


J^ig. 3 (a). 



Fig. 4 . 



Fig. 3 



This has also been observed by Wali Muham- 
mad. The structure now given removes the 
anamoly noted by Schuler and Keyston in the 
isotope displacement of term. It is interesting 
to note in this connection that Jackson ® also made 
more careful observations and revised his former 
results and recently proposed a level scheme which 
is substantially tbe same as mine. Only, the 
satellite at~0’117A is not found in bis measure- 
ments. 



As lias recently been pointed out in a note in “ Current Science,” ® 
it is very remarkable that slight variations in tbe excitation result in 
marked changes in the relative intensities of the components as will be 
seen from the microphotometric traces. Pressure conditions seem to 
be very important in the excitation and therefore in the intensity re- 
lationships of the fine structure patterns. It is nevertheless difficult to 
see how these slight variations in excitation can influence the inter- 
action between the nucleus and the electron shell. Fig. 5 represents the 
microphotometric trace of the same line, when photographed with a 
fused silica plate etalon of thickness 2 mm and shows the satellite at 
0‘057A (with respect to the main) which is obviously almost as intense 
as the main line itself. 

In the case of spectral lines like these which exhibit a complex 
structure, particularly when there are two or more components whose 
intensities are nearly equal, it would appear more reasonable to take 
the centre of gravity of these components constituting the radiation as 
the position for the wavelength measurements. 
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Absorption of Besonance Lines. 

Some time back the author studied the absorption of ^^5351 and 3776 of T1 by a column of nouluminous 
■vapour. It was found that as* the temperature of the vapour was raised, general absorption of the central 
doublet commenced at about 600°C and it was completely extinguished at about 800°0 while at this tem- 
perature the satellite was but a very little absorbed. With further increase of temperature, absorption of the 
satellite took place till it was complete at about 1000°0. 

Further, in view of the fact that both these lines coincide with very faint solar lines and the line ^ 5351 
does not appear to be strengthened in the spot spectrum while gener^y all the arc lines are considerably 
enhanced, it would appear that the evidence for the identification of flialliuuaL in the sun is very meagre. 
The available evidence for T1 as a probable constituent of the sun does not therefore appear strong enough to 
justify its eSnclusiou. It is more probable that these coincidences are due to chance. And we must conclude 
that there is no evidence at present for the existence of Tl in the sun. 

In conclusion, it is a pleasure to express my thanks to Dr, T. Royds, the Director, for his unfailing 
interest. 
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BULLETIN No. C. 


SUMMARY OF PROMINENCE OBSERVATIONS FOR THE FIRST HALF 

OF THE YEAR 1932. 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the Inter- 
national Astronomical Union, all observatories taking spectroheliograms of the sun have been asked to 
co-operate with the Kodaikanal Observatory by supplying copies of their photographs on those days when the 
Kodaikanal records are imperfect or wanting. In response to our requirements for the first half of the year 
1932, the Mount Wilson Observatory supplied calcium (Kjs) prominence plates for 17 days and Ho disc 
plates for 6 days ; the Meudon Observatory supplied calcium (Ks) disc plates for 5 days and H » disc plates 
for 12 days. 

When only incomplete or imperfect photographs for any day are available from more than one obser 
vatory, the best photograph is chosen as representing the solar activity of that day, after weighting it accord’ 
ing to its quality, and the remaining photographs are ignored. 


Calcium Prominences at the Limb. 

The mean daily areas and numbers of prominences photographed during the half-year by means of the 

K line of calcium are given below. The means are corrected for incomplete or imperfect observations, the 

total of 182 days for which plates were available being reduced to 172i effective days. 

Mean daily areas 
(square minutes). 

North ... 

South , 

Total - 2‘58 


Mean daily 
ntmibers. 

550 

5-25 

1075 


Compared with the previous half-year, areas and numbers show a decrease of about 33 per cent and 11 
per cent respectively. 

For comparison with bulletins issued prior to the co-operation of other observatories the means based on 


North (Kodaikanal photographs only) 
South ( do. ) 


Total 


Mean daily areas 

Mean daily 

(square minutes). 

numbers. 

1-35 

5-58 

r32 

. 5-3(5 

2‘67 ■ 

10-94 


The distribution of prominences in latitude is represented in the following 
line gives the mean daily areas and the broken M« the mean daily numbers for each zone of 5 of latitude. 
The ordinates represent tenths of a square mipqte of arc for the full line and num ers or e ro _ 

Compared with the previous half-year, the distribution of activity is ^ 

hemisf heife bn* there are two peaks in the northern hemisphere in the belts 25 . . an , 
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one m the belt 45 — 60 in the pievious half year The peak that occurred in the belt 45 — 50 in the 
northern hemisphere dm ing the previons half > ear has shifted 5 towards the equator 



The monthly quarterly and half yearly areas and numbers and the mean height and mean extent 
prominences on photographs fipom all co operating observatories are given in Table I The unit of area ill 
1 square minute of arc The mean height is derived by adding togethei the greatest heights reached by 
individual prominences and dividing by the total number of prominences observed the m an extent is 
d rived by adding together the lengths of the base on the chromosphere of individual prominences and 
dividing by the total number of prominences 


Table I— Abstract for the First Hale of 19^2 


M nths 

Ntimb 
f d y 

Areas 

Numbers - 

D Uymea 

Mean 

Mean 


1932 

( ffeoti ) 

A as 

Numbers ^ 

h ght 

xtent 

t 

Ja nary 

F bmary 

M ch 

Ap il 
my 

Jnn 

27 

29t 

28^ 

28i 

29 

871 

814 

9 2 
72 3 
546 
574 

33 

336 

337 

997 

264 

284 

29 

30 

31 

25 

19 

20 

113 

124 

114 

103 

93 

98 

303 

28 4 
816 

32 8 

31 3 

82 8 

470 

361 

4 88 

3 71 

3 48 

8 92 

t 

F ret quarter 

m 

269 7 

1010 


117 

301 

4 21 


S d quarter 

m 

184 3 


21 

98 

321 

3 71 


^First half y ar 

172i 

4440 

1856 

26 

107 

310 

3 98 





Distf^bution East and West of the Sun s Axis 

j Ap in tlw preTions half year both areas and numbers showed a defect at the east Utah ad will 
the foUowmg table — ^ 




1982 January to J n 
Total number observed 
Total areas m square mmntffl 


East West Feroatijiaga ^ 

884 971 47 65 

204 8 239 1 46 14 
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Hydrogen I'rominences at the Limh. 

During tliG half^yGar, pliotogrciphs of tliG prominences in liydrogen light, were taken in this Observatory 
on 158 d.ays which were counted as 141 effective days. The mean daily areas of hydrogen prominences in 
square minutes of arc, are given below : — 

Mean daily areas 
(square minutes). 

North ... ... 0*49 

South ... 0*52 


Total ... 1*01 


Compared with the previous half-year, Ha prominence areas show a decrease of about 27 per cent, The 
percentage of Ha areas to calcium areas is 38. The curve of distribution of Ha prominences is similar to that 
of calcium prominences. 


Metallic Prominences, 

Two metallic prominences were observed during the half-year. The details are given below : — 


Date. 

1932. 
January 2 


Table II— List of Metallic Pbomikbnobs— Januaby to June 1932. 


Time 

I.S.T. 

H. M. 

Base. 

Latitude. 

Limb. 

0 

N'orth. South! 

o 0 


12 25 

1 

16'5 

E 

9 20 

3 

12-5 

W 


Height. Lines. 


It 

10 hi, ba, ba, bi, and Di. 

25 bi, bg, bji, bi, and Di. 


Displacemsnts of the Hydrogen Line, 

Particulars of the displacements observed in the chromosphere and prominences are given in the 
following table : — 


Table III. — Displacements of the Hybbogen Line. 


Date. 


Time 

LS.T. 

Latitude. 

Limb. 

Displacement. 

^ 




\ 

f 


Both" Remarks, 

ways. 



North. 

South. 


Red. 

Violet. 

1932. 


H. 

M. 

0 

0 


A. 

A. 

A. 

January 

1 

8 

65 

79'5 


E 


1 

At base. 

2 

12 

36 


27 

W 


Slight. 

In chromosphere. 


5 

9 

5 

72-5 


W 

Slight 

At top. 


6 

9 

40 

20 


w 

1 

Do. 



9 

17 


58 

E 

Slight 


In chromosphere. 


7 

9 

20 


12^5 

w 

2 

At top. 


9 

9 

26 


88-5 

w 

2 


Do. 


10 

9 

0 


32 

w 

0-6 


Do, 


17 

9 

17 


10 

w 


0-5 ' 

At base. 



9 

15 


3 

w 

1 


At top. 


18 

8 

56 

45 


E 


0-5 

At base. 


19 

9 

7 

30 


E 

Slight 


At top. 


8 

47 

32 


W 

Slight 




20 

9 

24 

74 ' 


E 

Slight' 

At top. 



9 

19 


10 

E 


1 

A detached filament displaced 









throughout. 


2 



; 


Date. 


1932. 


February 


April 


May 


Juue 


15 

16 
23 
26 
27 


14 

16 

18 

26 

26 

28 

29 

30 


3 

6 

12 

13 

29 

6 

10 
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Latitude. 


Displaoemeut. 



xuuu 

T a rp 



Limb. 





North. 

South. 


Bed. 

Violet. 

' • 

H. M. 

O' 

« 


A. 

A. 

24 

9 47 


7 

E 

1 


25 

9 12 


39 

W 


Slight 

26 

8 6G 

17. 


B 


0-6 


8’ 68 

1 


E 

Slight 



8 48 

79 


W 



29 

9 15 

66 



0-6 



9 14 

' 81 


■w 

Blight 


31 

8 61 

• 83 


E 


0*6 


8 68 


24 



0*6 

1 

9 8 


1 

1 


0*6 

2 

9 16 


14 

W 


0*6 

. 4 

8. 64 

36-5 


w 

1 



8 64 

39*5 ^ 


w 

2*6 


7 

9 40 

42-6 


E 

1 


8 

9 4 

12 


w 


0*5 

10 

11 

16 14 

O C 


61*5 

E 

•m 


Slight 


8 44 

8 37 
8 62 

9 33 
10 1 


74-5 


3*6 

46 

10 

26 

12 


3 

9 

14 

14 


6 

9 

41 

4 


7 

io 

16 

23-5 


10 

9 

0 

41 



8 

47 

4 


ll 

9 

48 

16 


13 

10 

24 

41 


20 

8 

34 

4 



8 

30 

48*6 


21 

8 

60 


32*5 

28 

8 

64 

49*6 


31 

9 

13 


29 

1 

10 

69 

36 


2. 

10 

1 

22 


6 

9 

0 


24 

7 

9 

6 

5 



Equator 
29*5 


9 31 

8 30 

10 7 

9 36 
9 30 
9 21 
9 44 

10 17 

9 37 
8 34 

8 34 

9 17 

9 0 

8 60 
9 9 

8 39 

9 30 

9 7 

9 17 
9 16 
9 48 
9 14 
8 46 


6 

20-6 

68‘6 


65*6 

16*5 

a 

16 

18. 

67 

5 


14 

18 


20 

81-5 

54 

67-6 


16 


72-6 


9 

48 

-^.69 

i68*6 
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Slight 

1 

Blight 

0'5 

Slight 

1 

0*5 

1 

0*6 

1 

1 

1 

1 

1 

0-6 

Slight 

Slight 

0'5 
0*6 ’ 
0-6 
0*6 
3 


1 

0*5 


0*6 

1*6 

0*5 


Both 

ways. 


2-5 

0-6 

S!^^t 

1 

0*6 


1*6 


0*5 


0*5 

Slight 

Slight 

1 

0-6 

0*5 

Blight 

0*6 


Bemarks. 


In chromosphere. 
Do, 


At base. 
Do. 


At base. 

Do. 

At top. 

At top ; extends over 6® from 87* to 
43®. 

At top. 

At base. 

Do. 

At top* 

At base. 

In obromospbere. 

At top, 

Do. 

At top. 

Do. 

Do. 

In chromosphere* 

Do. 

♦ 

At top. 

At^to^ ; extends over 4* front 4^ I 
At top. 

At top ; extends over 2® from 88f fo 
-84“, 

At top. 

Do* 

At top. 

Do, 


At top. 

At base. 

At top. 

In chromosphere, 
At base. 

In chromosphere. 
At base. 

In chromosphere. 
Do. 

Do. 

At top* 

At top. 

At base. 

At top. 

In chromosphere. 
At top. 

In chromosphere. 
Do. 

Do. 

At top. 

At top. 

Do, 

Do. 

Do. 

Do. 

At base. 


■ V 
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The total number of displacements was 80 as against 57 in the previous half-year and their distribution 
was as follows : — 


Equator 

• • • 





North. 

1 

South. 

rto30° ... 

... 

... 

... 

... 

. . . 

24 

19 

31° to 60° ... 


... 

... 

... 

. . . 

12 

9 

61° to 90° ... 

... 

... 

... 

... 

c. 

10 

5 

East limb 






Total ... 47 

33 

29 

West limb ... 

... 

... 

... 

... 

... 



51 







Total ... 

80 


JRsve^'sals and Displacements on the Sun's Disc, 

One hundred and ten bright reversals of the Ha line, 100 dark reversals of the Ba line and 8 displace- 
ments of the Hit line were observed during the half-year. Their distribution is given below : — 



North. 

South. 

East. 

West. 

Bright reversals of Ha 

65 

45 

47 

63 

Bright reversals of Bs 

61 

39 

40 

GO 

Bisplacements of Ha 

6 

2 

4 

4 


Seven displacements were towards the red and one towards the violet. 

Prominences projected on the Disc as Absorption Markings. 

Photographs of the sun’s disc in H<« light were available from Kodaikanal and the co-operating observa- 
tories for a total of 177 days, which were counted as 171 effective days. The mean daily areas of H® 
absorption markings (corrected for foreshortening) in millionths of the sun’s visible hemisphere and their 


mean daily numbers are given below : — 


Mean daily 
areas. 

Mean daily 
numbers. 

North ... 

... ... ... 

1,057 

6‘89 

South 

... 

657 

3-88 


Total ... 

1,714 

1077 


The above show a decrease of 21 per cent in areas and of 24 per cent in numbers, compared with the 
previous half-year. 


For comparison with bulletins issued prior to the co-operation of other observatories, the means based on 
Kodaikanal photographs alone are also given, 164 days of observation being reckoned as 156 effective days. 


Mean daily Mean daily 
areas. numbers, , 

North (Kodaikanal photographs only) ... 1,003 6*37 

South ( do. ) ••• 629 3*65 


Total ... 1,632 10*02 
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Tlie distributLon of the mean daily areas in latitude is shown in the following diagram. Th^high 
latitude peak in the northern hemisphere has shifted 5® towards the equator while that in the 
hemisphere persists in the belt 45°-50° : — 



The areas and numbers show an eastern defect, the percentage east being 48 and 47 for 
numbers respectively. The areas of absorption markings uncoirected for foreshortening 
below 



North 

^onth 


Mean daily 
areas, 

553 

318 


Total ... 


871 


^ 51 per cent of the corrected ones as against 56 per cent for 
half-year. . 'V, 

Th© of to that for the collected areas^^ . 

to the, Qi^iE^ra^ting obs^e^ories f^ th© photographs supplied by them, I . 


25th J^ehr^p 1933. 


■ - tl:- 


T. ROYDS, 

Director^ Kodmlt^nal Ohservtp^ 

■ipy; ■ 
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THE HYDROGEN CONTENT OF PROMINENCES 


BY 

C. P. S. MENON, B.A. (Hons.), M.SC. (Lond.), E.E.A.S. 


Abstmot-Th^ OBormoua value obtained by Pannokoek and Doom for the density of hydrogen in the prominences they 
observed during the total solar eclipse of 1927 is due to their hypothesis of a condition resembling thermodynamic eqnUibrium 
in the prominences. 


It is shown that such an assumption must automatically lead to high values for the density, independent of the intensi- 
ties observed and that it is inconsistent with conditions of line-absorption and radiation. 

It is also sought to explain how the intensity of a particular Balmer line, such as Hy, can provide us with no clue to the 
number of hydrogen atoms in the ground level, if the state is not one of thermodynamic equilibrium. This number can be 
found only from a knowledge of the intensities of the Lyman lines, 

An attempt is made to estimate the density of hydrogen in prominences, using Pannekoek and Doom’s data of intensities 
of the Balmer lines to derive the number of atoms in the second quantum state ; the probable number of atoms in the frst 
quantum state absorbing the Lyman lines is, in the absonco of adequate data, guessed at. A very rough upper limit to the 
density of hydrogen is arrived at of tho order of 1,000 atoms per c.c. 

The density of Ca+ atoms in tho prominences of Pannekoek and Doom is recalculated. After applying osrtain correc- 
tions (indicated by Pettit) to tho densities of Ca+ and hydrogen, it is shown how their partial pressures are comparable with 
Milne’s estimates for the pressure of Ca‘i- in tho chromosphere. 


The question of the hydrogen content of prominences is of considerable importance, especially the 
question of the proportion of hydrogen to ionised calcium. Pannekoek and Doom have found^^’ that in 
their prominence “a” of the eclipse of 1927 the number of hydrogen atoms was 1'6X10“ per c.o. and of 
ionised calcium atoms only 0'1<) per c.c. ; in their prominence “ b ” the number of hydrogen atoms was 
33x10“ per c.c. and of calcium atoms only I'G per c.c. In other words, they find the calcium content of 
prominences to he insignificant, the ratio of tho number of hydrogen to calcium atoms being of the order of 
2 X 10^1 Pettit has improved^'*^ upon their estimates of the densities by assuming a more reasonable shape, and 
hence a better value of the volume for either jtrominence, and by allowing for the comparative “ weakness ” 
of the prominences observed ; but this leaves the proportion of hydrogen to calcium unchanged. 

In Milne’s theory of selective radiation pressure as the force supporting prominences, the radiation 
pressure can he effective only on Ca+ atoms, that on other atoms being comparatively insignificant. A 
difficulty of this theory is to explain the presence of hydrogen and helinm at all in prominences ; Pannekoek 
and Doom’s estimate of the enormous excess of hydrogen in prominences increases the difficulty consider- 
ably and, indeed, if it were true, would bo fatal to the theory of radiation pressure as the supporting force. 
For, if the prominence is supported by pressure on the calcium content alone, how are we to explain the 
presence of 2 X 10’® as many atoms of hydrogen ? Even if we could find an explanation of how the lifting 
force acting on calcium atoms could be communicated to atoms of other elements (for instance, by collisions, 
“turbulence,” or other means), we are unlikely to succeed in explaining in this way an enormous excess of 
hydrogen of the order of 2 X 10‘® times. 


(D Verhand d. Koninklijke Akadamie v.w.t. Amsterdam, etc., Deel 14, No. 2. 
CD Ap. J. 76, 1 P. 17 seq. (1932), 
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Now Pannekoek and Doorn’a result depends on the factor which they have used for ascertaining the 
number of unexcited hydrogen atoms from the evaluated number of atoms in the fifth quantum State This 

factor they have taken as ^ j x io~“ 1*7 assuming that it would be the same as for a gas in thermodynamic 

equilibrium It is easily possible to showi without considering the observed intensities at all, that Fannekoek 
and Doom’s assumption ot thermodynamic equilibrium must necessarily lead to a high density, much higher 
than that obtained when monochromatic radiative equilibrium holds , and further that, in conditions of bne 
absorption and efiiission their high density leads to results which cannot possibly be true There appears to 
be little doubt that their high value for the hydrogen content of prominences is due to the unwarranted 
(though tentative) assumption of thermodynamic equilibrium to deduce the number of normal atoms 

It should also be mentioned that Pannekoek and Doom’s deduced density of the “ atoms in the fifth 
quantum state ” relates in fact only to those atoms which fall from state 6 to state 2 thereby emitting Hy , 
the two aggregates are not identical^, and it is not legitimate to infer from the density of the excited Hy 
particles the density of atoms in state 1 

In this xiaper an attempt Is made to calculate the hydrogen content of prominences using Pannekoek and 
Doom s observational data but abandoning the assumption of thermodynamic equihbnum The results 
indicate an entirely different order of magnitude for the hydrogen content , but until more uoiasEpletB 
observations w?e available, it is not claimed that the results here derived do more than indicate the •trpd&r 
magmtude 

2 The assnmed similarity of the condition existing m a pi eminence to that of a gas in thermodynamic 
equihbnUm is certainly opposed to Milne’s views*‘* of the solar atmosphere, according to which the «bate of 
local thermodynamic equilibrium in lower layers changes to one of monochromatic radiative equilibrium in 
the upper layers 

If the matter were in local thermodynamic equilibrium, whatever the nature of the radiation inoidOltt 
on it, the radiation emitted will have a definite frequency-distribntion, and the number of atoms emitting a 
'particulat frequency Will bear a definite relation to the total number of atoms of the substance pttrtioipating 
in the tadiaibion , so that one may mfer, as Pannekoek and Doom did, the number of atoms m state f 
the number of atoms in State 6 On the other hand, monochromatic radiative equilibrium involves a paM* 
Oodar freqtieincy being absorbed and re etnitted without change of wavelength hy an atom dnnng transitions 
between two Stationary steteS ,'the relati'Te numbers of atoms in the two states beai a definite relation tb 
dthOr, depending on 'the intensity of the incident radiation Whereas in the former case, the ratios depdfiH 
on the temperature at the point and not at aU on the incident radiation (which is acooidingly redistrilbnfeJii 
before eiBaBSi0n),'m1ihe latter case the ratios depend on the intensities of the several frequencies which WSi 
m general, independeirt , so that there is no necessary relation between the atoms in the various gnairiS nbl 
'states of the substance m mouodhrocaatic radiative equilibrium, and one cannot infer the number of atoms 
4n stSte 1 from that of atoms in state 6 emitting the frequency 

^rther, in monoOhromatio radiative equiHbrium, the set of atoms in a particular quantum State, ‘say'Sli^ 
6, emitting a frequency t-i. Is not, m general, Co terminoUs with the total number of atoms in that sthte iS H 
cyan possihlC to regard the ‘atoms passfugbetween states 5 and 2 absorbing and emitting Hy as a iStaflsiffisfl 
^greghte distinct from sittfllar aggregates Jtertaking in the radiations of other frequencies Even fl* a TpttftI" 
"ttUlar atom in State 5 pasSeS to another State Such as state 2, the principle of detailed balancing requires 
^ atomhhould once from State 2 to state 5, and again another make the revertfe of the ^st traBsiti'4 
"vm, 2 it IS not enough ifthe atom passing from State S to State 5is replaced mnehou), e g , liy 
passmg from state 5, the latter being replaced by an atom from state 1 , this Would inWUucb h CySlb'# 


Bik 


0 This IS explained in greater detail in the following section 
^d mfl of the R A 8 


A oonciso account appeaxB m Handbuoh d AstJropliJ^ 
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transitions, and there appears to be good reason to taboo cyclic processes. Thus, for every atom passing 

from state 2 to state 5 there is another passing from state 5 to state 2 . Or, statistically regarded, these form 

■ ' 

a set of atoms making the reversible transition state 2 ^ „ state 5 , absorbing and emitting *"35. 

If there are na atoms in state 29 of- which the number n^ (*^35) are capable of absorbing the frequency 
and arriving at state < 5 , the number of atoms which actually make this transition in time dt 


= B05. 



dt. 


where Bas is the Einstein probability coefficient for the transition >5 in the presence of isotropic radiation 
of intensity las. And the number passing from state 5 to state 2 is, by the principle of detailed balancing 
equal to this. 

Similarly, the number leaving state 5 for any other state, say state 1 will be 

= Bis. ni (ris). ^Jlis^^dt. 


The coefficients Bis, Bas-^'-are constants for the atom. The intensities I15, las *have no known 

relations with one another, unless the matter be in local thermodynamic equilibrium. So that the 
number of atoms leaving state 5 for state 2 so as to emit Hy is distinct from that of atoms leaving 
for state Jf, not to mention the total number of atoms in the fifth state. Hence it is easily seen that 
the number of atoms in the fifth state found from the intensity of Hy-radiation can afford no clue to the 
total number of atoms in the lowest state, if we regard the conditions in the prominence to be the same as 
in the chromosphere. All that we can infer is the number of atoms in state 2 — the “ normal state for the 
Balmer lines — partaking in Hy-radiation. In the same way the intensities of other Balmer lines may give 
the numbers of hydrogen atoms partaking in the radiation of the corresponding lines, na (*'23), u* (>34), etc. 
These sets of atoms are not in genei\al coincident with the na (*'35) atoms absorbing *^35 : supposiug that they 
do not partially overlap, the maximum number of atoms in state 2 is given by the sum of these separate 
numbers. Similarly we may find the number of atoms in state 1 if we knew the intensities of the Lyman 
lines. 

3 . The objection to the assumption of thermodynamic equilibrium may again be presented from other 


standpoints. 

(a) Milne shows^*^ that in any steady state, the equation of transfer of radiation can he expressed as 



1 + 1 / 


■where T" is a parameter corresponding to an assumed pseudo-'Maxwellian distribution of velocities, 

Tj. is the optical depth for colour and 

vis the factor depending on the probability coefficients of transition by collision ; it is independent of 
T, and varies as the density P: 

as p— 

li /— >0 as p — >0 

At high densities, 00, and the equation takes the form 

^=-I* + B.(T), 

dry 

which is the equation of transfer for thermodynamic equilibrium. Thus he infers that the more the atpnis 
are battered about by collisions, the more closely will emission correspond to the Kirchoff emission. No 
wonder then that Pannekoek and Doom by assuming thermodynamic equilibrium arrived at high densities ; 
in a sense the reasoning involves a vicious circle. 


(1) Cf. Eddington ; Internal constitution of stars, p, 45 seq. 
1-A 


0 Op. cit. p. 163 seq. 
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Further, at lo'w denaities and the equation becomes 


dT 


= -lv + 


f- 


' 47r ’ 


V 

■wiiicli IS the form of the eqnation of transfer for monochromatic radiative equilibrium We may point out 
that the converse is easily seen to hold so that, if monochromatic radiative equilibrium were assumed 
mstead of thermodynamic equihbnum, we should get only low values foi the density 

(&) That Pannekoek and Doom’s high value of density of atoms in the first state is inconsistent 
with conditions of line radiation can be shown in another way 

If the number of atoms m state 1 be denoted by ni per c c the number of atoms that absorb the Ath 
Lyman Ime (say) m time dt 

= n. B..(jl.^)dt, 

where Iv is the intensity of the mcident radiation 

The amount absorbed per sec per c c =ni BibQii/ ^ ^hv^ 

This is a fraction sv of the radiation incident on unit volume 

d<cy 


= Sv I 


4'Jr* 


the Inmts of integration being the same as before , for instance, m the case of isotropic radiation^ tJjte 
integration is earned over a complete sphere round an internal point so that the integral reduces to jbd 
either case , while at the boundary, the integration is confined to the lower hemisphere, and the iuteg^ 
becomes i L — 

m B15 hv]5 — Sv 


Also ^ = 


A. 

Bu 


2hv,,a 


Si 

qa 


Sy — ni 


= Ui 


— Si 

' Qb 

A ^ 
2v' 

Ail i 




f— V 

m-Rj 


Using Pannekoek and Doom’s value for nj 1 6 x 10”, and Francis Slack’s valued*) for A,, = 412 X 
10’, in flie nght hand side we get 

^s.,~ 3x10’, 

which ifl absurd, since the left-hand side is a proper fraction 

(c) Pannekoek and Doom make use of the Schrhdinger-Patili formula for mtensitieB in terms of 
senes number and temperature— assuming thermodynamic eqmlihnum— in order to derive the temperalMl 
Tfrom their observed values of the intensities for the 5 BaJmer lines The curve plotted—log 
against 1/Z* must be a straight line whose slope depends upon the temperature T But the attempt to ttft 
straight line to the plotted values cannot he claimed to he entirely successful — even allowing for the 
mental errors mentioned the discrepancy is most glaring in the relative positions of m, Ha and 
T^o^h the authors suggest the various experimental defects as the cause of the high value of tempwatef& 
obtained, the error may at least in equal (if not greater) probability, be due to their tentative asst 
thermodynamic equilibrium 

4 We may now proceed to estimate the densities of hydrogen atoms in various states, on the 

that conditions m prominences resemble the condition of the chromosphere, i e , a stete of monoohfdl 
radiative equihbrmm 



» « 


Phys Eev 31, 527 (1928)— quoted by Caroll in M.K R A p 90,690 
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Considering radiation of a particular colour, there will he some relation between the number of atoms 
in the “ excited state ” and that in the lower state. For matter in local thermodynamic equilibrium, this 
relation will depend on the temperature T at the point, and is given by Boltzmann’s equation : 

nr _ qr. e -Xf/hT 
~ qa. e -XVkT 

where nr, qr, Xf represent the number of atoms per c.c., the “statistical weight,” and the internal atomic 
energy corresponding to state r. 

• = StL.. e (x^'XiO/kT 

* * ns qs ’ 

= Sl e 
qs ‘ 

where v is the frequency emitted when the atom passes from state s to state r. 

As this formula depends on the temperature sheerly in virtue of the velocity-distributions, it may be 
taken to hold wherever there is a similar velocity-distribution.^^^ Such may be assumed to be the state in 
monochromatic radiative equilibrium also. Though we cannot talk of a temperature T (since there is no 
thermodynamic equilibrium) yet there is a parameter T corresponding to the pseudo-Maxwellian distribution, 
which will behave just like the temperature T for all intents and purposes, inasmuch as a thermometer 
exposed to these velocities will receive such a number of collisions of varying magnitudes as will cause 
it to register a temperature T. 

But this parameter T will in general vary with each colour, except in the case of local thermodynamic 
equilibrium ; it is, in fact, measurable only from the observed intensities which, as stated above, have no 
fixed relations with one another, in a state of monochromatic radiative equilibrium. 

For want of definite data, we assume T == 5500® in the following calculations. This is not to mean 
that a uniform temperature is conceded in the case of the several radiations considered ; on the contrary, 
5500® is adopted as the parameter in the hope that it will be roughly of the same order of magnitude. Even 
so, this is radically different from the assumption of a uniform temperature for the complete continuum of 
frequencies such as exists in a state of thermodynamic equilibrium. 

Thus, for the Balmer lines, ignoring statistical weights. 


51^ e 

nr 



where T may be taken as ^ SSOO''. 


Also, the emission by the atoms in the rth state per c.c. 

= m. Ar». hi^rg. ergs per sec. (2) 

Denoting by Ev the intensities given by Pannekoek and Doom, and the volume of the prominence by Y, 

E, 

the emission per c.c. = -y * Prom this and (2), we get 



A 

he 



Using Pannekoek and Doom’s value of the volume of prominence a” as 5 8x10^® c.c. and their 
intensity -values for the different images (see column 5 of the following table), and Francis Black’s values^^^ 
(column 4) for the probability co-efficients Ar^, nr can be calculated (column 6). And from this the values 
of m can be known with the aid of equation (1) (column 7). The number of atoms (p 2 + ni) taking part in 
the radiation of each line is given in the last column of the table. Assuming that there is no overlapping, 


(^) In tkis argument, I follow Milne : Op. cit. p. 160. 


(*) Loo. cit. 
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the total number of atoms partaking in the radiation of the Balmer lines is obtained by adding wji these 
Bnambers S( n*+nr) 


(L) 

3 

4 
6 
6 
7 


Line 

(2) 

Ha 

HS 

Hy 

HS 


Wavelength 

ATJ 

Transition 

Intensities 

Number of atoms 

Number of atoms 

Number of 

probability 

Ara 

erg/seo 

hiF 

m excited 
state, nr 

m second 
state, ug 

atoms 
ns + Ur 

(3) 

(4) 

(6) 

(6) 

(7) 

(8) 

6663 

4 42x10^ 

1890x10“ 

0 246 

13 028 

13 27 

4861 

846 

512 

0 258 

54‘813 

m? 

4341 

254 

126 

0189 

76 130 

7642 

4102 

102 

115 

0 406 

231 910 

23232 

3890 

046 

188 

01.39 

112 080 

11282 





Total 

489 90 

of atoms m 

State jS IS 

found to be increasing as we 

pass from Ha to 

H8, because 


decreases much moie rapidly than the observed intensities In this connexion we have to hear m mand the 
uncertainties in the measures of the intensities which, in the words of the authors, are “ caused by the great 
density of the prominence images, the extrapolation from the density curves, and the large influence of the 
Bchwarzsohild exponent ”» these factors obviously make the erroi greater, the denser the image , so that the 
values of n« are piohahly more and more reduced as we go from H* to Ha It is satisfactory to note, however, 
that the number begins to decrease as we come to Hj, and perhaps one may conjecture that it will co»tmja,e 
to diecrease as we go to other members of the series The total number of atoms partalnug m the radiation, of 
the Balmei hnes may therefore be taken as of the order of 500 Taking account of the facts that the differeut 
sets of (n,) atoms found above may overlap to some extent, and that the statistical weights will tend to reduce 
these numbers, we may safely put 500 as the maximum number of atoms 

The number of atoms in state 1 can be found as argued above, only from a knowledge of the Intensitibas 
of the Lyman lines The ratio used by Pannekoek and Doom (1 20 x is really the ratio n4*'u) i 

n,(*'iB) , found only if the intensity I (e,,) were known The intensities of the Lyman Uasa 

in prominence spectra are not known, but if the intensity I ("j,) wero'^lO"® times that of Hy, we 
same order of magnitude for the density of atoms lu state 1 absorbing and emitting the first Lyman Uue,|fbr 
that of the Hy particles 

We arrive at the same result from calculations similar to that made in a previous section (3 c ) 



1 

Since the fraction 'we get n, < 2 2 x 10* 

<3i 

Thus we may estimate the number of hydrogen atoms per com the prominence to be at most of the 
order of 1,000 This produces a pressure of about 7 5 x 10”^® atmospheres, taking a temperature of 6100" 
if, with Pettit we regard Pannekoek and Doom’s estimate of the volume of the prominence as 20 tipc^es too 
large, the pressure becomes 1 5 x 10~“ atoms again, following Pettit m considering that, since the protoi)* 
nence “ a ” is comparatively “ weak,” the intensities of Imes will be about six times as great in a “ repreash* 
tative prominenoe ” such as the prominence “ c ” of Pannekoek and Doom, the partial pressure of hydi!eB0h 
becomes 9 x 10~‘* or shghtly less than 10~“ atmospheres 

5 The above estimate of the pressure of hydrogen is comparable with Milne’s estimate of the presBU£o 
of Oa"'' at the top of the chromosphere viz , 10~^® atmospheres Pannekoek and Doom obtain as lO'W a 

pressure for Oa'*' as 9 6 x 10~*® atmospheres } but it appears to me that this low estimate is due to an error 
plTtiilni. to that in the case of hydrogen 

pkoitt Zwann’s evaluation of the probabUity co-efBcient A«— >« for the transitions 2S^3P,8ind tSr’di 
is and K Hues) eomtaned as 1 68 x 10®, they infer that each atom of Oa"'" emits 1 55 x 10® x bn-*? 

«rg/sec But certaibly, ttus is the amount emitted by each atom of Oa’’' in state 8^ and not the aversiGft 

, ' ■ ■ ■■ ‘ ■ r— >. . . . M 

C*) 1?annekoek and Doorn Op dlt p 22 t»)Lac cfck 

(«) Of Monthly Notices of thQ R A B 88, 193 (1928 ) 
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emitted by each atom of Ca"^. By regarding 7’69 x 10~^ erg/sec. as emitted by each Oa’*' atom, they obtain 
from their value of the total emission of H and K radiation by prominence “ a ” as 6'0»3 x 10^^ the total number 
of atoms as 7’8 x 10^*^ or '13 per c.c. But it is obvious that this is only the number of atoms in the excited 
state (na). 

The number of atoms in the lower state (nj is given as before by the equation 

111 Qi ^°/AkT o 

= , (A=:3950A.U.) 

na qa 

= 7*30x10^ (omitting statistical weights). 
ni=13x 730=94*9. 


ni + 02= 95*03. 

The pressure due to ni=730 times the pressure due to na. 

The pressure of Ga*^ atoms=731 x 9*6 x 10'“^^ 

7*02 X lO”^^ atmospheres. 

Correcting, as in the case of hydrogen, for the excess of the assumed volume and the weakness of the 
lines, the partial pressure of atoms in a representative prominence.” 

= 6 X 20 X 7*02 X 10-17 


8*4 X 10 1^^ atmospheres. 


Thus the partial pressure of Ca”! atoms is A of that of hydrogen. The hydrogen content, as measured 
by its mass, will be only i of that of Ca’’". 


6. Gonclusioru — We may therefore conclude that, if we do not assume a state of thermodynamic equili- 
brium in the prominences, the density of the hydrogen is no longer of immense proportions ; on the other 
hand, it is comparable with the density of Ca''’ in the prominences and, what is more, both these values agree 
closely with Milne’s estimates of the density of Ga’’* at the top of the chromosphere. We can be more certain 
of the estimates of hydrogen-content of prominences, only if we know the intensities of other series of 
hydrogen lines, especially the first few Lyman lines. If these intensities should happen to be large, the 
density of hydrogen atoms in the first state will be preponderatingly large, and the condition in the promi- 
nence will approximate to one of thermodynamic equilibrium ; if, on the contrary, these intensities should he 
very low — as we imagine them to bo — then the densities will be low as stated above and the condition 
approximate to one of monochromatic radiative equilibrium. What exactly is the condition existing in the 
prominence cannot at present be known for certain. Nevertheless one may hazard the conjecture, in the light 
of Milne’s theory and the experience of hydrogen images being less dense than ionised calcium images, that 
the conditions in prominences correspond more to those in the upper layers of the sun’s atmosphere than in 
the lower layers, that is, to monochromatic radiative equilibrium rather than thermodynamic equilibrium, to 
lower densities of the gases rather than high, and to lower densities of hydrogen than of calcium. 

I wish to express my sense of gratitude to Dr, T. Royds for kindly suggesting the above problem to me 
for investigation and for the valuable criticism and assistance he afforded me in preparing this paper. 


Kobaikanal Obsebvatoby, 
Uth June 1933, 


C. P. S. MENON, 

Research Fellow of the University of Madras, 
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NO-O/102. 


^otfai^anal 

BULLETIN No. CU. 


STJMMAEY OF PKOMINENCE OBSEEYATIONS FOE THE SECOND HALF 

OF THE YBAE 1932. 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the 
International Astronomical Union, all observatories taking spectroheliograms of the sun have been asked to 
co-operate with the Kodaikanal Observatory by supplying copies of their photographs on those days when 
the Kodaikanal records are imperfect or wanting. In response to our requirements for the second half of 
the year 1932, the Mount Wilson Observatory supplied calcium (Km) prominence/ plates for 55 days, Ha disc 
plates for 37 days and the Meudon Observatory supplied calcium (Ks) disc plates for 6 days and Hct disc 
plates for 36 days. 

When only incomplete or imperfect photographs for any day are available from more than one 
observatory, the best photograph is chosen as representing the solar activity of that day, after weighting it 
according to its quality, and the remaining photographs are ignored. 

Galcium Prominences at the Limh . — The mean daily areas and numbers of prominences photographed 
during the half-year by means of the K line of calcium are given below. The means are corrected for 
incomplete or imperfect observations, the total of 178 days for which plates were available being reduced to 


165 effective days. 

Mean daily areas Mean daily 

(square minutes), numbers. 

North ... ... 0'96 4'34 

South ... 077 4-07 


Total ... 173 8’41 


Compared with the previous half-year, areas and numbers show a decrease of 33 per cent and 22 per 
cent, respectively. 

For comparison with bulletins issued prior to the co-operation of other observatories, the means based 
on Kodaikanal photographs alone are also given, 143 days of observation being counted as 122i effective 
days. 




Mean daily areas 

Mean daily 



(square minutes). 

numbers. 

North (Kodaikanal photographs only) 

... 

0'98 

4-50 

South ( do. ) 



077 

4-24 


Total ... 

175 

874 


331 


The distribution of prominences in latitude is represented in the following diagram, in which the full 
hne gives the mean daily areas and the broken line the mean daily numbers for each zone of 5° of latitude 
The ordinates represent tenths of a square minute of arc for the full line and numbeis for the broken line 
Compared with the previous half year, the distribution of activity exhibits some well marked differences 
The peak near 30® N which was seen in the first half of the year has now disappeared from the northern 
hemisphere and is evidenced m the southern hemisphere where the activity near 45® has been much 
reduced 



The monthly, quarterly and half-yearly areas and numbers and the mean height and mean extent of the 
prominences on photographs from all co operating observatories are given in Table I The unit of area i6 
1 square nuuute of arc The mean height is derived by adding together the greatest heights reached by in** 
dividual prominences and dividing by the total number of prominences observed , the mean extent is derived 
by adding together the lengths of the base on the chromosphere of individual prominences and dividing by 
the total number of prominences — 


Tablh I— Abstract S’or thb Sboond Half of 1932 



Number 

Areas 


Daily means 

Mean 

Mean 

f I ^ ‘ ' 

of days 


* 

±1 uxliuorb 

Areas 

Numbers 

height 

extent 

1982 






If 

0 

July 

29 

53 3 

262 

18 

90 

304 

3 69 

' Augnat 

28 

462 

213 

16 

76 

351 

4 37 

September ^ 

m 

606 

230 

17 

80 

351 

3 33 

October 

28i 

464 

220 

16 

78 

33 8 

3 59 

November 

0^ 25^ 

410 

216 

16 

84 

337 

306 

December 

. 241 

483 

244 

20 

98 

32 3 

332 

Third quarter 


1491 

705 

17 

82 

334 

3 74 

- Fourth quarter 

78} 

1SB7 

680 

17 

86 

38 3 

3 32 

Seeoud half year 

~ 16^ 

2848 

1,386 

17 

TT 

33 3 

354 


333 

Distrilmtion East and West of the Sun’s Compared with the previous half-year, areas, showed a 

slight defect add numbers an excess at the east limb as will he seen, from the following table t— 

1932 July to December. East. West. Percentage East. 

Total number observed ... ... ... 69b • 687 50 40 

Total areas in square minutes ••• ... i 140‘2 144’6 49‘24 


Hydrogen Prominences at the Limh. — During the half-year, photographs of the prominences in hydrogen 
light were taken at this observatory on 101 days which were counted as 75 effective days. The mean daily 
areas of hydrogen prominences in square minutes of arc, are given below 

Mean daily areas 
(square minutes). 

North ••• ••• •“ ••• , 0*3^ 

South ••• — “*• ••• *•’ 0 26 

Total ••• 0 b2 


Compared with the previous half-year, Ha prominence areas show a decrease of 39 per cent. The' ratio 
of Ha areas to calcium areas is 35 per cent. The curve of Ha prominences is intermediate between those of 
calcium prominences and Ha absorption markings. 

Metallic Prominences. — There were no metallic prominences observed during the half-year. 

Displacements of the Hydrogen Line. — Particulars of the displacements observed in the chromosphere 
and prominences are given in the following table : 


' , ' ■ /GL ■ • ■ 

Table ll.— D isplaobmbnt^op/Hybboebn Line^. 


Date. 


1932. 


July 

August 


Bepleniber 


October 

November 


December 


Latitude. 


Time 



I.S, 

,T. 

North. 

South. 


H. 

M. 

0 

o 

27 

9 

57 


2 

28 

9 

53 


25 

13 

8 

40 


47-5 

14 

9 

25 

83 


15 

10 

13 


26 

25 

8 

10 

24-5 

24. 

8 

04 


15 

8 

47 

52*5 


21 

8 

35 

80 

62 

23 

8 

30 



8 

20 


2 

24 

8 

40 


78*6 

20 

9 

45 

2 

80 

9 

11 

15 


16 

9 

0 


77*5 

17 

8 

68 


33 

30 

9 

56 

31 


5 

9 

02 

48-5 



9 

07 

21*6 


8 

9 

08 

58 


18 

. 8 

55 

14*5 


21 

9 

20 

8 

28 

27 

8 

39 


28 

9 

16 


7 


9 

27 

15 



Displacement. 


Limb. 

r 



Both^ 


Bed. 

Violet. 

ways. 


A. 

A. 

A. 

E 


Slight 


W 


0*5 


E 


0*5 


E 

0-5 



E 


Slight 


E 

1-5 



W 


0*6 


W 

0-5 



w 

0-5 



w 

0-6 



w 


1 


w 


1 


w 

1*5 



E 

1 



E 


Slight 


E 


1 


W 

0;5 



E 


0*5 


E 

1 



E 

0*5, 



W 

2 



W 

Slight 



w 

0*5 



E 


0*5 


w 

1 




Eemarks. 


At top. 

At top. 

In chromosphere. 

Do. 

At top. 

In chromosphere. 

Do. 

At top. 

Do. . ^ 

At base. 

At top. 

Do. 

Do. ^ 

Do. 

Do. 

Do. 

Do. 

In chromosphere, 

Atbase- 

At top. Displaced 2*5 A to Bed at 
15m. 

At top. 

In chromosphere. 

At top. 

At top. Extends over T from + 14“ to 
+ 16“. 


2 


334 


The total number of diuplaoements was 25 as against 80 in the previons half-year and their dlstiitilitioii 
was as follows — 


I®— 30® 
31®— 60® 
61®— 90® 


Korth South 

6 7 

1 2 

2 4 


Total 12 13 


East limb 
West limb 

Total 25 


12 

13 


Of the displacements, 14 were towards the red and 11 towards the violet 

Reversals <mi DtsplacemerUs on the Sun’s Ihsc — Twenty-three bright reversals of the Ho line, 28 
reversals of the Ds hne and 1 displacement of the Ho hne were observed during the half-year Their 
bution IB given below — 



North 

South 

East 

West 

Bnght revemls of Ha 

16 

7 

11 

12 

Dark reveraaljg of D» 

15 

8 

12 

11 

DisplacementB of Ha 

1 


1 



The one displacement observed was towards the red 

Prominences prq)ected on the Disc as Absorption Markings — Photographs of the sun’s disc In Hft 
were available from Kodaikaual and the co-operating observatories for a total of 176 days, whidl 
counted as 163 effective days The mean daily areas of Ho absorption mar k in gs (corrected for foresborteHiJlg) 
in millionths of the sun’s visible hemisphere and their mean daily numbers are given below ““ 


North 

South 


Mean daily 
areas 

553 

335 

Mean daily 
numbers 

3 88 

2 48 



Total 

888 

6 36 




■ 

■ ■ 



The above show a decrease of 48 per cent in areas and 41 per cent in numbers, compared with ■fihd ' 
previous half-year , % 


For comparison with bulletms issued pnor to the co-operation of other observatories, the iheani^b^^ 
cn Kodaikaual photographs alone are also given, 120 days of observation being reckoned as 99 effective 


Mean daily 
areas 

589 

292 


Mean daily 
numbws 

3 95 

217 





North (KodalkSnal photographs only) 
to do 


335 


The distribution of the mean daily areas in latitude is shown in the following diagram. The high 
latitude peak in the southern hemisphere is much reduced, while that in the belt 40° — 45° in the northern 
hemisphere has shifted 5° towards the equator. 



Both areas andhiumbers show an eastern preponderance, the percentage east being 54 and 51, respect- 
ively, for areas and numbers. The areas of Ho; absorption markings uncorrected for foreshortening are given 
below ; — 

Mean daily 
areas. 

North ... ... ... ... ••• ... 325 

South ... ... ... ••• ... 168 

Total ... 493 

The uncorreoted areas am.ount to 56 per cent of the corrected ones as against 51 per cent for the pre- 
vious half-year. 

The curve of distribution in latitude is similar to that for the corrected areas as usual. 

Thanks are due to the co-operating observatories for the photographs supplied by them. 

Kobaikanal, T. ROYDS, 

13th September 19 SB. Director, Kodaihanal Observatory, 
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NO-KB/103. 


BULLETIN No. CIIL 


SUMMARY OF PROMINENCE OBSERYATIONS FOR THE FIRST HALF 

OF THE YEAR 1933. 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the 
International Astronomical Union, all observatories taking spectroheliograms of the sun have been asked to 
co-operate with the Kodaikanal Observatory by supplying copies of their photographs for those days when 
the Kodaikanal records are imperfect or wanting. In response to our requirements for the first half of 
the year 1933, the Mount Wilson Observatory supplied calcium (Kas) prominence plates for 25 days, Ha disc 
plates for 5 days and the Meudon Observatory supplied calcium (Ks) disc plates for 7 days and Ha disc 
plates for 30 days. 

When only incomplete or imperfect photographs for any day are available from more than one 
observatory, the best photograph is chosen as representing the solar activity of that day, after weighting it 
according to its quality, and the remaining photographs are ignored. 

Calcium Prominences at the Limh , — The mean daily areas and numbers of prominences photographed 
during the half-year by means of the K line of calcium are given below. The means are corrected for 
incomplete or imperfect observations, the total of 180 days for which plates were available being reduced to 
167 effective days. 








Mean daily areas 

Mean daily 







(square minutes). 

numbers. 

North 

... 


.*• 

« • . 

... 

1-25 

4-92 

South 

... 

... 

... 

... 

**. 

0'83 

4-29 







Total ... 2'08 

9‘21 


Compared with the previous half-year, areas and numbers show an increase of 20 per cent and 10 per 
cent, respectively* 

For comparison with bulletins issued prior to the co-operation of other observatories, the means based 
on Kodaikanal photographs alone are also given, 166 days of observation being counted as 14Si effective 
days. 



Mean daily areas 

Mean daily 


(square minutes). 

numbers. 

North (Kodaikanal photographs only) 

1-28 

5-07 

South ( do. ) — i" 

0*89 

4-50 

Total ... 

217 

9'57 


337 


* n 


338 




The ijgro^^iWlspes lujatitod^ is represented In the fallowing diagram, itt the tuU 

line gives the^ean daily areas and the broken line the mean daily numbers for each zone of 5 of latitude* 
The ordinates represent tenths of a sciuare minute of arc for the full hne and numbers for the brohen line 
Compared with the previous half year there has been an increase of activity in the northern hemisphere 
near 20°, and m the southern hemisphere near 40° 


f^ORTH 




SOUTH 


rttllTV hlftOiS 


Meati -anel Kean. 

of Calctu/m TWm.l'nt 
Ja'uuAryl to Ju.*ne3Qjd3 9 
full LiTi« , l 1 uitlNn.mibeys. 



The monthly, quarterly and hali-y toly areas and numbers and the mean height and mean extent 
prommencba on photographs firom all co-operatingf observatories are given in Table I The 
1 square minute of arc The mean height is derived by adding together the greatest heights 
dividual prorainences and dividing by the total number of prominences observed, the mean extent IS 
by adding together the lengths of the base on the chromosphere of individual prominences and 
the total number of prommences — 


t: 

f vj ^ 


, . ^ jpoit THX J'mST Half of 1933 

^ ^ ^ ^ NhmbSr Daily tiiefitifi 

Months of days Areas Numbers . * ■ -s CT. 




1938 

January 

Fobmary 


PaflyaieiiBs Mean 

Areae Nmnbers'" ^“8^* 


Haroh 
( 1 April 


First quarter 
Second quarter 
First half 


27i 
^ 30i 
27f 
26) 
^ 27 

85^ 


67 7 

262 

463 

265 

683 

290 

741 

266 

487 

222 

621 

232 

f623 

817 

1849 

720 

3472 





IM' -M -'•!!,• 





21 


339 


Distribution East and West of the Sun’s Axis— As in the previous half-year, areas show a slight defect 
and numbers an excess at the east limb as will be seen from the following table : 


1933 January to June. 

Total number observed 

Total areas in square minutes 


East. r West. 
790 747 

171-2 176-0 


Percentage East. 
51*40 
49*30 


Hydrogen Prominences at the During the half-year, photographs of the prominences in hydrogen 

light were taken at this observatory on 157 days which were counted as 141 effective: days. The mean daily 
areas of hydrogen prominences in square minutes of arc are given below : 

Mean daily areas 
(square minutes). 

North ... : 0-04 

South 0’45 

Total ... 1*09 


Compared with the previous half-year, H« prominence areas show an increase of 76 percent. The ratio 
of Ha areas to calcium areas is 52 per cent, a considerable increase over the previous half-year. The curve 
of Ha prominences is intermediate between those of calcium prominences and Ha absorption markings. 

Metallic Prominences . — ^Three metallic prominences were observed during the half-year. The details 
are given below : — - 


Table II.— List of Metallic Prominences. 


Date, 

1933. 

Time 

Base. 

o 

Latitude. 

a 

Limb. 

Height. 

» 

Lines. ^ 

I.S.T. 

H. M. 

N'orth. South^. 

o a 

January 2 

... 8 50 

1 

8‘5 

W 

35 

4924-1, 5016, b., b,, ba, bi, 5234'8, 6316-8, D„ and 

6677. 

3 

... 9 35 

1 

95 

E 

10 

4924-1, 5016, 5018-6, b., b., b„ b^, 5234-8, 5276-2, 
5316-8, 5363 0, 1) , Di, 6677 and 7065. 

14 

... 9 59 

3 

9*5 

W 

15 

4924-1, 5016, 5018-6, b., b., b., b^, 5197-5, 5206-2, 
6208-7, •6234-8, 5269-7, 5270-6, 5276-2, 6284-3, 6316-8! 
5336-9, 53630, D., and 6677. 

Displacements of the Hydrogen Line . — Particulars of the 
and prominences are given in the following table : — 

displacements observed in the chromosphere 


Table III.— Displacements of the Hydrogen Line. 


Date. 


1933. 

January 




Latitude, 


Time 

f — -A. 

^ 


LS.T. 

Korth. 

South. 


H. M, 

0 

o 

1 

8 65 


18‘0 

2 

9 02 

46*0 



8 50 

8-5 


3 

9 14 


48*0 

4 

11 17 

86*0 


13 

9 08 


42*0 

14 

10 06 


42-0. 


9 38 

8*0 



9 31 

80 



9 31 

110 


22 

8 28 

38*0 


26 

9 15 

30 


30 , 

9 05 

28*0 



8 55 


16-0 


Displacement. 


Limb. 

f 

Red. 

Violet. 

Both' 



ways. 


A. 

A. 

A. 

W 

0-5 



E 

0*5 



W 

1*0 



E 


Slight 

1*0 

W 


E 

0*5 



w. 


. 1*0 


W 

VO 



W’ 


* 1*0 ’ 


w 


0*5 


w 

0*5 



E 


1*0 


E 

0*5 



W 

SHghi 




Remarks. 


In chromosphere. 

Do. 

At top. 

Do, : 

To violet at top and to red at base. 
In chromosphere, 

At top. 

Do. 

At base. 

Do. 

At top. 

At base. 

At top. 

In chromosphere. 


2 


340 


^ ^ % 


TABIjH III — DlS:i?IiA.OHMBNTS OP THB HYDEOGBN LI^B — COnt 
L titad O splao ment 




Date 

1933 
r bruary 


Maroh 


Appl 


K y 


Jnn 



Tm 

I8T 

N rth 

\ 

S th. 

Limb 

r- 

Bed 

Vol t 

w ys 

E n 


H M 




A- 

A 

A 


1 

10 51 

160 


E 


Sight 


At top 


10 67 

16 0 


E 


60 

D 

2 

9 18 

16 0 


E 

06 



At baa 

9 19 

12 0 


B 


10 


At top 


9 03 

10 


W 

06 



D 

4 

11 17 

76 


w 

05 



D 

6 

8 45 

345 


w 

06 



Inchr m spber 

8 

8 59 

^5 


w 

0-6 



D 

10 

9 19 

140 

w 

06 



At top 

12 

9 16 

1-0 

w 


Bight 


Inch m spher 

13 

9 10 

95 


w 

10 


At top 

17 

8 45 

130 


w 

10 



Do 

8 38 

495 


w 

Sight 



In hr mosph 

18 

8 51 

706 


w 

06 



D 

20 

9 39 

565 


w 

06 

Shght 


D 

21 

8 58 

786 


w 


D 

22 

9 40 


416 

B 

Sbghi 



D 


9 67 

756 


w 

20 



At top 

23 

9 12 

210 


B 

0-5 



At bas 

25 

9 18 

480 


B 

16 



At top 

26 

8 35 

535 


W 

0-6 



Do 

1 

9 13 

355 


W 

10 



At top 

4 

9 19 


126 

E 

0-5 



D 

6 

9 14 

766 


E 

Shght 
SI ght 



D 

6 

9 30 


136 

W 



At baa 

7 

8 48 


376 

W 

06 



At top 

17 

9 07 


405 

E 

05 



D 


8 61 

660 


W 

05 



I chrom aph re 

19 

8 60 


830 

E 

06 



Att p 

20 

9 24 

660 


W 


Slight 


I chj mo phere 

25 

10 47 

23 0 


E 

SI ght 


D 


10 51 

80 


E 

25 


At top B t nd 


10 51 

50 


E 

15 



At bas Extends 

3 

9 3 


U'O 

E 


1*0 


At top 

7 

9 10 


635 

E 


06 


In ohr mosphere 


8 55 

39^ 


W 

05 



Att p 


13 

18 

24 

28 

30 

10 


8 

14 


8 49 
8 50 
11 16 
8 48 

8 48 

9 04 
9 11 
9 12 
8 60 

9 08 

9 30 
8 21 

10 12 
8 58 


ito 

760 
440 
350 
12 5 

320 
16 0 
380 


6-0 

12-0 

78^ 

210 


200 

40'6 


E 


W 

W 

E 

B 

W 


B 

W 

E 

E 


06 

06 

Sbght 

15 

06 

10 


05 

fiOight 

05 

05 
10 

06 


10 

Bligbt 


^ si 

^ 4 



The total rnimher ot (Ji^plaoements was 64 as agahjst 25 m the previous half year and thei¥ dl 
was as follows 

1 — 30 ^ 

31 -^0 
61 — 90 ’ 


Total 


44 




At top 

At base ^ 

At top ExteacU dErom87 


At top 
Do 


East limb 
West limb 


31 

33 


M 


■ , Total ... 64 

Of these displacements 41 were towards the red, 21 towards the Tiolet and 2 both ways simnltaneonsly. 

Rev6f's(ils and D'isplaoe'ments on the Sun’s Ihsc, — Seventy-seven bright reversals of the Hat line, 67 dark 
reversals of the Da line and 3 displacements of the Ho, line were observed during the half-year. Their distri- 
bution is giveni below : — ’ 



North. South. 

East. 

West. 

Bright reversals of Ha 

77 

34 

43 

Dark reversals of Ds 

67 

31 

86 

Displacements of Ha 

3 

1 

2 . 

displacements were towards the red and one towards the violet. 




Prominences projected on the Disc as Absorption Ifa/'Mnfl's.— Photographs of the sun’s disc in Ha light 
Were available from Kodaikanal and the co-operating observatories Jfor' a .total of 180 days, which were 
counted as 175i effective days. The mean daily areas of Ha absorption markings (corrected for foreshortening) 
in millionths of the sun’s visible hemisphere and their mean daily numbers are given below : 



Mean daily, 
areaa. 

Mean daily 
numbers. 

North ... * ‘‘ 

... 995 

6-34 

South ... ... ... ... 

... 292 

2'20 

Total 

A- 1,287 

■ 8-54 ■ ' 

The above show an increase of 46 per cent in areas and 40 per cent in numbers, compared with the 

pr^ious half-year. 



comparison with bulletins issued prior to the co-operation of other observatories^ the means based 

on Kodaikanal photographs alone are also given, 157 days of observation being reckoned as 149i effective 

days. 

Mean daily 
areas. 

Mean daily 
numbers. 

North (Kodaikanal photographs only) 

... 945 

5-96 

South ( Do. do. ) 

... 281 

214 

Total 

... 1,226 

810 


The distribution of the mean daily areas in latitude is shown in the following diagram. The distri- 
bution is almost imiform in the northern hemisphere. Compared with the previous half-year there is, in 
the northern hemisphere, an increase in all latitudes up to 50®, whilst in the southern hemisphere there is a 
notable increase ih”the Felt 0®— 


342 



As in tli8 previous half year, both areas and numbers show an eastern preponderance, the percentage 
for both being 51 The aieas of absoiption markings uncorrected for foreshortening are given below — 

Mean daily 
areas 

North 539 

South 164 


Total 703 

The uncorrected areas amount to 55 per cent of the corrected ones, almost the same as for the pre- 
vious half-year 

The curve of distribution in latitude is similar to that for the corrected areas as usual 
Thanks are due to the co operating observatories for the photographs supplied by them 


KODAIKANiLL, 
SOth January 1934 


T ROYDS, 

Dtrector, Kodailianal Observatory 
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BULLETIN No. CIV. 


SUMMARY OF PROMINENCE OBSERVATIONS FOR THE SECOND HALF 

OF THE TEAR 1933, 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the Interna- 
tional Astronomical Union, all observatories taking spectroheliograms of the sun have been asked to co-operate 
with the Kodaikanal Observatory by supplying copies of their photographs for those days when the Kodaikanal 
records are imperfect or wanting. In response to our requirements for the second half of the year 1933, the 
Mount Wilson Observatory supplied calcium (K 2 a) prominence plates for 50 days and Ha disc plates for 28 days 
the Meudon Observatory supplied calcium (Kg) disc plates for 7 days and Ha disc plates for 45 days, and the 
Pitch Hill Observatory, Ewhurst (Mr. J. Evershed’s), supplied Ha disc plates for 7 days# 


When only incomplete or imperfect photographs for any day are available from more than one observa- 
tory, the best photograph is chosen as representing the solar activity of that day, after weighting it according 
to its quality, and the remaining photographs are ignored. 


Calcium Prominences at the Limb . — ^The mean daily areas and numbers of prominences photographed during 
the half-year by means of the K line of calcium are given below. The means are corrected for incomplete or 
imperfect observations, the total of 182 days for which plates were available being reduced to 161| effective 
days. 

Mean daily areas Mean daily 
(square minutes). numbers. 


North . . . 

South . . . . 

Total 


1*38 4-49 

0*89 3*73 


2-27 8*22 


Compared with the previous half-year j areas show an increase of 9 per cent, mainly in the northern hemis- 
phere, and numbers a decrease of 11 per cent. 

Eor comparison with bulletins issued prior to the co-operation of other observatories, the means based on 
Kddaikamal photographs alone are also given, 137 days of observation being counted as 110 effective days. 

Mean daily areas Mean daily 
(square minutes). numbers. 

North (Kodaikanal photographs only) . . • 1*47 4-65 

South Do. • • • 


Total 


2-46 


8-78 


The distribution of prominehoes in latitude is represented in the foUomng diagram, in which the full line 
gives the mean daily areas and the broken line the mean daUy numbers for each zone of 5° of latitude. The 
ordinates represent tenths of a square minute of arc for the Ml line and numbers for the broken line. Comparing 
the distribution of prominence areas with the previous half-year there has been increased activity in the belt 
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30 50° in the northern hemisphere and m the belt 30° — 40° m the southern, and decreased activity neax the 

Equator , the mavimum activity is near 35° in both hemispheres Prominence areas are again eonsiderably 
greater m the northern hemisphere than m the southern 



prommences on photographs fiom aU co operatmg observatories are given in Table 1 The unit of area is 1 square 
minute of arc The mean height is derived bj adding together the greatest heights reached by individual pro- 
minences and dividmg by the total number of prommences observed the mean extent is derived by adding 
together the lengths of the base on the chromosphere of individual prommences and dividmg by the total number 
of prommences 


Table I — ^Abstoaot bob teo; second bale oe 1933 


Montlia 1933 

Numbei 
of day& 
(efteetive) 

Areas 

Numbers 

Bail> incans 

Moan 

height 

Moan 

63Ct©nt 


Areas 

Numbers 

July 

August 

September 

October 

ISTovember 

Beoepiber 

28i 

2 Si 

261 

24i 

264 

281 

71 9 

64 2 

60 9 

60 2 

64 9 

63 6 

238 

243 

226 

188 

209 

224 

2 6 

1 9 

2 3 

2 1 

2 6 

2 2 

8 4 

8 6 

8 4 

7 8 

8 3 

7 8 

42 3 

40 1 

41 4 

39 0 

41 3 

38 1 

0 

4 6] 

3 86 

4 00 

4 52 

4 n 

4 76 

Srd quarteit 


X87 0 

708 

2 2 

8 5 

41 2 

4 16 

q[uaart0r 

' 784 

178 7 

621 

2 3 

7 9 

39 6 

4 47 

2ad balf year 

1614 

366 7 

1 327 

2 3 

8 2 

40 4 

4 30 


I 
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Distribution East and West of the Sun's Axis.—AresiB showed a considerable defect and marhbers al flight 
defect at the east limb as will be seen from the following table : — 


1933 July to December. 

Total number observed 
Total areas in square minutes 


^Q'St. West. Percentage East. 

651 676 49*06 

166*8 198*9 46*61 


Hydrogen Prommences at the the half-year, photographs of the prominences in hydrogen 

hght were taken m this Observatory on 108 days which were counted as Sli effective days. The mean dSly 
areas oi hydrogen prominences in square minutes of arc are given below : — 


North 

South 


Mean daily areas 
(square minutes). 

0*71 

. . . . . 0*41 

Total . , . 1*12 


Compared with the j)revious half-year, Ha prominence areas show only a small increase, viz.^ 3 per cent. 
The ratio of Ha areas to calcium areas is 46 per cent., which is less than in the first half-year. The latitude 
distribution of Ha prominences is similar to that of calcium prominences. 

Metallic Prominences. — ^No metallic prominences were observed during the half-year, as against 3 in the 
first half. 

Displacement of the Hydrogen Line, — ^Particulars of the displacements observed in the chromosphere and 
prominences are given below : — 

Table II. — Disblaoemeots oe the Hxdbogen Line. 


Latitude, 


Date. 


liour 

I. S. T. 

North. South. 

Limb. 

1933. 


H. M. 

o o 


July 

3 

9 68 

66 

E 

18 

8 47 

32 

W 

August 

26 

8 18 

46-5 

W 

28 

9 28 

28 

w 

September 

16 

9 15 

34^5 

E 


23 

9 01 

68-6 

w 

Ootdher 

22 

10 02 

37 

^ E 


23 

8 32 

21 

E 


26 

9 14 

31 

W 

November 

2 

10 20 

86*6 

E 


13 

9 06 

42 

■ E 


16 

9 17 

63 

W 


23 

10 17 

84 

E 

December 

4 

9 62 

87 

E 


6 

9 01 

66 

E 


9 

9 40 

10 

■M 


11 

10 01 

67 

W 


17 

8 35 

42, 

W . 


19 

0 09 

27 

■ 


21 

9 27 

64 

W 


29 

9 14 

46 

E 


30 

9 25 

61 

W 


Displacement. 

r- ^ Remarks. 

Red. Violet. Both 
ways. 

A. A. A. 


0-6 

At. top. 


0*6 

At base, extends over 2° 
+ 31° to + 33°. 

from 

0*6 

At base. 


0-6 

Do. 


0^6 

At base. 


0-6 

In chromosphere. 


■ 2 

' At base. Extends over 2f 
+ 36° tp + 38°. 

•» 

from 

0*5 

In chromosphere. 


Slight 

Do. 


1 

At top. 


1 

Do. 


Slight 

At base. 


; 0-6 

In ehromosphere. 


1*6 

At top. 


0*6 

Do. 


0-6 

In chromosphere. 


0-6 

At top. 


0-6 

In chromosphere. 


G-5 

At base. 


Slight 

In chromosphere.. 


Slight 

Do. 


1*5 

At top. 
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The total niimbei of displacements was 22 as agamst 64 m the pievioiib halt yeai ind their distribution was 
as follows — 



North 

South 


2 

2 

31°— 60^ 

11 

3 

61o_9oo 

1 

' 1 


Total lb 

6 

East hmb 


12 

West limb 


10 


Total 22 


Of these displacements 7 were towards the red, and 15 towards the violet 

Reversals and Bisj^lacements on the Sun^s Disc — One bright reversal of the Ha Imo uid one dark levorsal 
of the ©3 hue were observed diirmg the half year No displacements of the Pla lino w oro observed The dis 
tribiition IS given below — 

North Sontli East West 


Bnght reversals of Ha 1 1 

Dark reversals of D3 1 1 

Displacements of Ha 

Prurmnences 'projected on the Dtsc as Absorption Markings — Photogiaphb of tho sun’s disc m Ha light 
were available from Kodaikanal and the co operatmg obseivatories for a total of 184 days which were counted 
as 162| effective days The mean daily areas of Ha absorption maikmgs (corrected for foreshorfconmg) m 
millionths of the sun’s visible hemisphere and their mean daily numbers are given below — 




Mean daily 

Mean dail; 



areas 

numbers 

North 


588 

4 07 

South 


286 

2 07 


Total 

874 

6 14 


The above show a decrease of 32 per cent m areas and 28 per cent m numbers compared with tho prevlWE 
half year, the decrease hemg greater m the northern hemisphere than in the southern 

Por comparison with bulletins issued prior to the co operation of other observatories, the means based 
Kodaikanal photographs alone are also given, 124 days of observation being reckoned as 99f effective days 


North (Kodaikanal photographs only) 
South Do 


Mean daaly Mean daily- 
areas numbers 

581 3 82 

310 2 00 


Total 


891 6 82 


The diatmbukon of mean daaly axeas m latitude is shown in the foUowmg diagram Compared with the fltst 
half of the year there is decreased activity m the northern hemisphere from 0° to 40°, and decreased aotavife? 
m the southern neat the equator and m the belt 40° — 46° 





, _ _ _ 
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As in the previous half-year, both areas and numbers show an eastern preponderance, the percentage 


areas being 54 and in numbers 52. 

The mean daily areas of Ha absolution markings uncorrected for foreshortenino' 


are given below : — 

Mean daily 
areas. 


North 

South 


previous half-y^a?r^ ^ corrected ones, which is a slight i 


increase over the twa 


The curve of distribution in latitude is similar to that for the corrected areas as usual. 
Thanks are due to the co-operating observatories for the photographs supplied by them. 


Kodaikanal, 
Wh January 1935. 


T. ROYDS, 

Director, Kodaikanal Observatory. 
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NO-SPO/34/1. 


BULLETIN No. CV. 


SUMMARY OF PROMINENCE OBSERVATIONS FOR THE FIRST HALF 

OF THE YEAR 1934. 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the Inter- 
national Astronomical Union, all observatories taking spectroheliograms of the sun have been asked to co-operate 
•with the Kodaikanal Observatory by supplying copies of their photographs for those days when the Kodaikanal 
records are imperfect or wanting. In response to our requirements for the first half of the year 1934, the Mount 
Wilson Observatory supplied calcium (Kgs^) prominence plates for 26 days and H oc disc plates for 10 days, the 
Meudon Observatory supphed calcium (Kg) disc plates for 6 days and H oc disc plates for 18 days, and the Pitch 
Hill Observatory, Ewhurst (Mr. J. Evershed’s), supplied H oc disc plates for 7 days. 

When only incomplete or im perfect photographs for any day are available from more than one observatory 
the best photograph is chosen as representing the solar activity of that day, after weighting it according to its 
quality, and the remaining photographs are ignored, 

Cakivm Prominences at the limb.— The.mean daily areas and numbers of prominences photographed during 
the half-year by means of the K line of calcium are given below. The means are corrected for incomplete or 
imperfect observations, the total of 181 days for which plates were available being reduced to 167 effective days. 


Mean daily areas. Mean daily 

(Square minutes.) numbers. 

North , . . . . . , , . 1.72 6-17 

South 1-68 6*39 


Total . . 3*40 12’66 


Compared with the pre-vious half-year, areas and numbers show an increase of 50 per cent, and 63 per cent,, 
respectively. 

Eor comparison with bulletins issued prior to the co-operation of other observatories, the means based on 
Kodaikanal photographs alone are also given, 168 days of observation being counted as 146 effective days. 

Mean daily areas. Mean daily 
(Square minutes.) numbers. 

North (Kodaikanal photographs only) . . . . . 1'80 6*38 

South ( Ditto ). . . . . 1-76 6-66 

Total . . 3-66 12-93 
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The distribution of prommences m latitude is represented m the following diagram, in which the full Ime 
gives the mean daily areas and the broken line the mean daily numbers for each 7ono ol 5*^ of latitude The 
ordinates represent tenths of a square minute of arc for the full line and numbers foi the biokcn line 

Compared with the previous half year, there has been increased activity in nearly all belts of latitude, parti 
cularly m the belts 10°— 20,° 45°— 55° m the northern hemisphere and m the belts 10°— 30°, 40°— 45° in the 
southern hemisphere The lower of these belts corresponds to the sunspot belts The activity in the southern 
hemisphere has increased sufficiently to be almost equal to that in the northern Tlio maximum of prominence 
activity has moYcd about 6° towards the poles m both hemispheres since the previous half year 



The monthly quarterly hatf yearly areas and numbers and the mean height and the mean e3rte»t of the 
prommences on ^olographs from aU eo operatmg observatories are given m table I The umt of area la I squMre 
mmute of arc The height is derived by addmg together the greatest heights reached by mdividual protote- 

^ces m VI g y e observed, the mean extent 18 derived by adding tog6tliel? 

^o^STes”^ chromosphere of mdividual prommences md dividing by the total nnmbeJf of 


^56 

Table I. — ^Abstract eoe the btbsi kale oe ’ 1934. 


Jannary 
February 
March 
April . 
May 

June . 

Months. 

1934. 

Number 
of days 
(effective). 

27 

28 
29i 

m 

29J 

24f 

Areas. 

64-9 

87-1 

79-7 

98-7 

148-1 

89-5 

Numbers. 

271 

365 

365 

382 

395 

329 

Daily 

Areas, 

2-4 

3*1 

2- 7 

3- 5 
5-1 
3*6 

means. 

Numbers. 

10*0 

13-0 

11-9 

13*5 

13-5 

13-3 

Mean 

Height. 

36*4 ■ 

30-3 

34-0 

33-0 

36-8 

33-8 

Mean 

Extent, 

3- 89 

4- 32 
4-64 
4-86 
6*34 
3-78 

.First quarter 

84| 

231-7 

991 

2-7 

11-7 

33-0 

4-32 

Second quarter 

82i 

336-3 

1106 

4-1 

13*4 

34*2 

5-07 

First half 


167 

667-0 

2097 

3-4 

12*6 

33-7 

4-71 


Distribution East and West of the Sun’s Axis. 

Unlike the previous half-year both areas and numbers show a slight preponderance in the east limb as wUl be 
seen from the following table : — 


1934 January to June. 


Total number observed 

Total areas in square minutes j 


East. 

West. 

Percentage 

East. 

1,073 

1,024 

51*17 

3,008 

2,673 

52-95 


Hydrogen Prominences at the Limb :-The taking of daily photographs of hydrogen prominences as part of 
the regular programme has been discontinued from the beginning of the year. 

Metallic Prominences Five metallic prominences were observed during the half-year and their details are 
given below : — 


Table II, — List oe Metallic RaoMtcTBifOEs. Januaut to Jtine 1934. 


Date. 

Time 

I. S. T. 

Base. 

Latitude* 

Limb. 

Height. Lines (See note at end of table.) 



North. 

South. 


1934. 

H. M. 

o 

o 

o 



January 
February 
March . 
Anril 28 
May 16 
26 
27 

June . 

24 

10^*15 

* 9 37 

8 41 

9 44 

. 9 25 

2 

6 

4 

2 

4 

Nil. 

28 

Nil. 

24 

Nil. 

26 

34 

32 

E 

W 

B 

W 

w 

15 4,10. 

30 1, 2, 4, 8, 9, 10, 11. 

20 1, 3, 4, 6, 7, 8, 10, 11, 12. 

10 1, 3, 4, 8, 9, 10, 11, 12. 

10 1, 3, 4, 9 10, 11, 12. 


iVote.— ‘The key to the wave-lengths of metallic lines is as follows ; — 


No. X 


Element* 


No. 


X 


Element. 


1 4924 ’! 

2 5016-0 

3 5018*6 

4 h4y b3 9 ib|. 

5 5234-8 

6 5276*0 


Ee + 

He 

Ee 

Mg. Ee 4- 
Ee + 
Or. 


7 

6276-2 

8 

6316-8 

9 

6363-0 

10 


11 

6677 

12 

7065 


Ee -h Or. 
Ee + 

Ee + 

Na 

He 

He 



itiie distribution of metallic prominences was as follows 


H°— 20° 21°— 30° 31°— 430° Mean Extreme 

latitude latitudes 


North 

South 


0 

0 


0 

0 


2 

1 


0 

2 


26° 24=° & 28° 
30° 7 26° & 34=° 


Two were on the east hmb and three on the west hmb 

Dtsplacemmts of the Hydrogen Line — ^Particulars of the displacements observed in the chromosphere and 
pronunenoes are given m the following table — 

Table III — ^Displacements of Hydboobn Line 


Latitude 


1934 


I S 

T 

North 



H 

M 


January 

2 

10 

22 

36 


3 

9 

26 



4 

9 

62 

27 


6 

9 

08 




9 

04 

12 


12 

9 

30 

67 


17 

10 

25 

3 6 

February 

1 

9 

03 

66 


2 

9 

12 

26 



9 

9 

61 5 


9 

8 

60 

45 



8 

40 

36 6 


10 

9 

35 

5 5 



9 

27 

27 


11 

8 

47 

42 5 


13 

8 

26 

33 6 


14 

8 

26 

42 5 



8 

40 



16 

9 

22 

22 5 



9 

18 



19 

10 

34 

58 5 


20 

9 

38 

24 


21 

8 

58 

25 



9 

05 

41 6 



9 

04 

44 6 


22 

9 

14 

78 5 



9 

16 

82 0 


23 

9 

35 

34 6 


26 

10 

22 

64 


28 

9 

5 

38 5 


2 

9 

11 

59 5 


20 

8 

36 

10 


22 

9 

03 

33 6 


24 

9 

00 

21 


26 

9 

12 

29 


28 

9 

20 

27 a 


29 

9 

12 

10 5 


30 

9 

04 


South 


17 

39 5 


Limb 


31 6 
34 6 


E 

E 

E 

W 

w 

E 

W 


E 

W 

W 

E 

E 

E 

W 

E 

E 

E 

W 

E 

W 

E 

E 

E 

W 

W 

E 

W 

E 


E 


W 

E 

E 


E 

E 

E 

W 

E 


Displacement 


Red 

Violet 

Both 



ways 

A 

A 

A 


0 6 
1 


0 5 
0 6 


0 5 

0 5 

1 6 


0 6 
SI 

1 


1 

0 6 


SI 


SI 


1 5 
SI 


1 

0 6 
0 5 


1 6 
1 
1 
1 


0 6 
0 6 
0 6 
0 6 


0 6 
0 6 


SI 

1 


Remarks 


At base 
Du 

At top 
At base 

Throughout the prommenoe 
At top 
Do 


At base 
Do 
Do 
Do 

III Chromosphere 
At base 
At top 
At base 
At top 

la the middle of the prommeaoe# 
At top 
Do 
Do 

In Chromosphere 
At base 
At top 
At base 
At top 
Do 

In Chromosphere 
At top 

In Chromosphere 
At top 


In Chromosphere 
At top 

At top, extends over 2^ hrom 
to 36** 

At top 
At base 
At top 
Do 
Do 








Dafcfi, 

1934. 
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Hour 

I. S. T, 


TablM ni. — Displacements op Hydeoqbn Lii!rB-^cow4. 

Latitude. Displacement. * 


North. South. 


Limb, 


Red. 


Violet. 


Both 

ways. 


Remarks. 


M. 


A. 


1 

9 

04 

36*5 


E 

1 


9 

18 


73 

E 


4 

9 

47 


26*6 

E 


6 

9 

49 

12 


E 


11 

8 

48 


44 

E 

SI 


8 

40 

66*6 


W 

13 

8 

55 

41*5 


E 


17 

8 

50 

40 


W 



8 

48 

42 


W 

0*5 

20 

8 

34 

45 


E 


8 

56 


40*6 

E 

SI 

22 

8 

48 

10 


W 

SI 

24 

9 

06 

56*5 


W 


26 

8 

61 


31 

w 



8 

60 


25 

w 


27 

9 

5 


73*6 

E 

1 

28 

9 

20 

71*5 


E 



9 

48 


26 

W 

6 - 


9 

55 


28 

W 

2*5 


1 

1 

0-6 

SI 

SI 

0*5 

SI 


SI 

0-5 

0*6 


3 


At top. 

In Chromosphere. 

At top. 

Do. 

At base. 

At top. 

At base. 

At top. 

At base. 

At top. 

Do. 

Do. 

Do. 

Do Extends over 2° from 30*^ 
to 32®. 

At top. 

Do. 

SI In Chromosphere. 

At top extends over 6° from 23° 
to 29°. 

Both at top, extends over 2° from 



9 

44 


24 

8 

42 

43*6 


8 

54 

35 


8 

58 

38 


8 

50 

1 


10 

32 


3 

9 

30 

37 


9 

20 

74*5 


9 

48 

71*6 


9 

7 


25 

8 

41 

24 


9 

55 

6 


0 

26 


69*5 

9 

9 

73*5 


9 

6 

86*5 


9 

20 

35*5 


8 

56 

82 


8 

04 

44*6 


10 

00 


87*5 

9 

44 


34 

9 

10 


16 

9 

6 

19 


9 

22 


33*5 

9 

21 


29 

9 

18 


16*5 

10 

5 

28*5 


8 

44 

44*5 


9 

48 


80 

9 

37 


13*5 

9 

37 


10*6 

9 

6 

53 


8 

48 


60 


27° to 29°. 


W 

3*5 


At top, extends over 2° from 23° 

E 


SI 

to 26°. 

At top. 

E 

SI 


At base. 

W 


SI 

In the middle of the prominence. 

W 


SI 

extends over 2° from 37° to 
39°. 

At top. 

E 

0*5 


Do. 

E 


SI 

In Chromosphere. 

W 

E 

SI 


1 At top. 

In Chromosphere. 

E 

0*6 


At top, extends over 2° from 24° 

E 


2 

to, 26°. 

At top, extends over 4° from 22° 

W 


0*6 

to 26°. 

At top, extends over 2° from 4° 

E 

2 


to 6°. 

At top. 

W 

1 

1*5 

To red at top and to violet at 

w 

SI 


base. 

In Chromosphere. 

E 


. 0*6 

At top. 

W 

1 


In Ctiomosphere, 

W 


SI 

At top. 

W 

1 


At base. 

W 

1 

0*5 

Extends over 2° from — 33° to 

W 

1 


—36°, 

6 At top, extends over 2° from 

w 

0*6 


—16° to —17°. 

At top. 

w 

1*6 


Attop. 

w 

1*6 


At top, extends over 2° from 

w 

0*6 


—28° to —30°. 

At top, extends over 3® from 

w 

0*6 

—15° to —18°. 

At top. 

E 

SI 


At base. 

E 


0*5 


W 

1 


At top. 

W 


1 

Do. 

w 


SI 

Do. 

w 


0*6 

Do. 
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The total number of displacements was 92 as agamst 22 in the previous half yeai and their distribution was 
as follows — 


1° to 30° 
31° to 60° 
61° to 90° 


North South 
21 16 

30 10 

11 5 

62 30 


East Limb 
West Limb 


Total 


46 

46 

92 


Of these displacements, 42 were towards the red, 48 towards the violet and 2 both ways simultaneously 

Reversals and Dtsplacements on the Sun’s Disc — Sixty three bright rovers ils of the H cc hne, 61 dark reversals 
of the Dg hne and 11 displacements of the H cc hne were observed durmg the half year Their distiibution m cnven 
below — 


Bright reversals of H oc 

North 

35 

South 

28 

East 

28 

West 

36 

Dark reversals of D 3 

34 

27 

28 

33 

Displacements of H oc 

3 

8 

3 

8 


Eive displacements were towards the red, four towards the violet and two both ways simultaneously 

Prominences •prelected on the Disc as Absorption Markings — Photogi iphs of the sun’s disc in H oc hght were 
available from Kodaikanal and the co operatmg observatories for a total of 180 days which wore counted as 176 
effective days The mean daily areas of H oc absorption markings (corrected loi fore shortomug) m nuUiontliS 
of the sun’s visible hemisphere and their mean daily numbers are given below — 


Mean daily Moan daily 
areas numbers 

869 4 74 

703 3 12 


Total 1,662 8 86 


North 

South 


TheahoYediowanmcreaseof79percent m areas and 44 per cent m numbers, compaicd with the proviou. 

half year, the increase being very marked m the sou them hemisphere 

For common rnti bojlotm, p„„r to toe oo openrfon of other oheorratonee, to. ...Me baeod 
Kodarkarel pliotogr.pl„ elope ere .1» given 163 dep, of obtorvetion benrg n«lnoed to 146 effeoto. dey«. 


North (Kodaikanal photographs only) 
South ( Ditto ) 


Mean daily Mean dady 
areas numbers 

847 4 82 

684 4 24 

Total 1,631 9 06 







1 
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The distribution of mean daily areas in latitude is shown in the following diagram. As in the case of promi- 
nence areas, lere as een a general increase in nearly all latitudes, except near the poles. The greatest increase 

IS m the same belts as for prominence areas and the effect of the sunspot belts is again shown in the case ofH oc 
dark markings. The same advance of 5° towards the poles is also seen in the maximum activity. 



* As in the previous half-year, both areas and numbers show an eastern preponderance, the percentage in 
areas being 65 and in numbers 62. 


The mean daily areas of H oc absorption markings uncorrected for fore-ahortening are given below 


Mean daily 
areas. 

North * , . 444 

South . ^ 366 


Total . 810 


The uncorrected areas amount to 62 per cent, of the corrected ones, the percentage being slightly less than 
normal. 

The curve of distribution in latitude is similar to that for the corrected areas as usual. 

■9 

' Thanks are due to the co-operating observatories for the photographs supplied by them. 

Kodaikakal, T. ROYDS, 

30th March 1985. Director, Kodaiharml Observatory. 

OJPP—MlO Pr. of Kodai Kanal— 30-6-86— -340. 
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BULLETIN No. CVI. 


SUMMARY OP PROMINENCE OBSERVATIONS 

THE YEAR 


FOR thR seconi) half op 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the Inter- 
national Astronomical Union, all observatories taking spectroheliograms of the sun have, been asked to co- 
operate with the Kodaikanal Observatory by supplying copies of their photographs for those days when the 
Kodaikanal records are imperfect or wanting. In response to our requirements for the second half of the year 
1934, the Mount Wilson Observatory supplied calcium (K^^) prominence plates for 36 days and Ha disc 
plates for 20 days, the Meudon Observatory supplied calcium (Kg) disc plates for 9 days and Ha disc plates 
for 30 days, and the Pitch Hill Observatory, Ewhurst (Mr. J. Evershed’s) supplied hydrogen prominence plate 
for 1 day and Ha disc plates for 7 days. 

When only incomplete or imperfect photographs for any day are available from more than one observatory 
the best photograph is chosen as representing the solar activity of that day, after weighting it according to]its 
quality, and the remaining photographs are ignored. 

Gakimn Promimncea at the Limb.— The mean daily areas and numbers of prommences photographed 
during the half-year by means of the K line of calcium are given below. The means are corrected for incom- 
plete or imperfect observations, the total of 176 days for which plates were available being reduced tojl48 
effective days. 

Mean daily areas Mean daily 
(Square minutes). numbers. 


North 

South 


Total 


1-97 

1-96 

3-93 


6-70 

6-65 

13-35 


Compared with the previous half-year, areas and numbers show an increase of 16 per cent, and 6 per cent- 
, respectively. , 

"Son comparison with bulletins issued prior to the co-operation of other observatories the means basMJon 
Kodaikanal photographs aloiie are also given, 146 days of observation being counted as 127 effective days. 







Mean daily areas 
(Square minutes). 

l-&g 

im 


Total 


4-04 






Mean daily 
numbers. 

b*36 

6^78 

13-64 


Price annat 7 or 
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The distabution of prominences m latitude is represented in the following diagram, in whioh the full line 
^ives the mean daily areas and the broken line the mean daily numbeis for each zone of 6° of latitude The 
ordinates represent tenths of a square minute of arc for the full line and numbers for the broken line 


The general increase in prominence activity observed m the first half year is mamtamed Compared with 
the first half of 1934, there has been increased activity m the belts 45® to 50® in the northern hemisphere and 
in the belt 40° to 50° in the southern hemisphere The maximum of prominence activity has agam moved 
about 5° towards the poles m both the henuspheres 



iM 1 ^qu«e inmute of arc Xe T “^.Barvatones are given in Table I The limt of 

iiu&vidlialpronhiiences and dividing by the toMn^ter of »ea<aied |>y 

ly adding tegetiier the lengths o^e Le on the chroLosphereTmX^df?'^®'^’ 

"Wal nnthhear of prominences ^ ^ individual prominences and dividing by hbd 


■ 
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Tablb I. — ^Abstbaot fob the sboohd half of 1934. 


Months. 

1934. 


Number 
of days 
(effective). 


Areas. Numbers. 


Dailv means. 


Areas. Numbers. 


Mean 

height. 


Mean 

extent. 



July . 


• 

24i 

120*3 

308 

4*9 

12*6 

38*8 

4*89 

August 


a 

24} 

99*7 

357 

4*1 

14*6 

34*5 

4*04 

September • . 


• 

28} 

116*2 

424 

4*1 

16*0 

33*0 

4*26 

October 


<41 

23 

82*9 

291 

3*6 

12*7 

35*3 

3*69 

November . 



23} 

89*7 

275 

3-8 . 

11*7 

38*0 

4*83 

December . p 



24} 

73*1 

320 

3*0 

13*2 

32*5 

3*50 

Third quarter 



77} 

336*2 

1089 

4*4 

14*1 

35*1 

4*27 

Fourth quarter . 



70} 

245*7 

886 

3*5 

12*5 

35*1 

3*97 

Second half year * 



148 

581*9 

1975 

3*9 

13*3 

35*1 

4*14 

Distribution East and 

West of the Sun^s Axis.- 

—As in the 

previous 

half-year^ 

both areas and 


show a slight preponderance in the east limb as will be seen from the following table : 
1934 July to December. 


East. 

West. 

Percentage 

Eaht. 

1013 

962 

51*29 

305*3 

276*7 

52*45 


lilli 

BBi 


Total number observed . . 

Total areas in square minutes . . . . 

Metallic Prominences , — Three metallic prominences were observed during the half-year and their details 
are given below 


ilfflliiii 




iiiilii 

IPSiillf'sli 


Bate. 

1934. 


Table II.— List of Mbtaliao Peominenoes. July to Decembee 1934. 

Latitude. Limb. Height, Lines (See note at end of table). 


Time 

I. S. T. Bose. 


H. M. 


mmm 



July . . 

August 6 
September . 
October 
November 19 
December 18 


North. South. 

0 o 

Nil. 


9 

26 

2 

Nil. 

35 

E 

16 

4, 10 




Nil. 





10 

40 

8 


22 

E 

35 

4, 10 

10 

32 

1 


21*5 

W 


4, 10 


V No<e. — ^The key to the wave-lengths of metallic lines is as follows : — 




Element. 


.No. 


Element. 


itillBiife-' 




4924*1 

6016*0 

6018*6 


bii bj, bj, bj 


iilSI-:' 


5234*8 

6276*0 


F0 + 

He 

Fe 

Mg. Fe+ 
Fe+ 
Cr 


7 

8 
9 

10 

11 

12 


6276 -2 
5316*8 
5363*0 

6677 

7065 


Fe+ 

Fe+ 

Fe+ 

Na 

He 

He 
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The distrihution of metallic pfomlnences ■whs as follows — 

1°— 10° 11°— 20° 21°— 30° 31°— 40° Mean Extreme 

latitude latitudes 

O O 

North 

2 1 26° 2 21° 6 & 36° 

Two were on the eaat limb and one on the west limb 

Displacements of fJie Hydrogen line ^Particulars of the displacements observed in the ohiomosphere and 
prominences are given m the foUowing table — 


Bate 

1934r 


July 


August 


Ootobeir 




13 

14 
16 
17 
^2 


September 


4 

7 


13 

16 


IS 


Hour 

ISO 


H M 


10 48 

8 46 

9 46 
8 69 

10 16 


9 8 
9 22 


9 60 
8 20 


10 27 
9 42 
10 40 


B 54 


Table III — ^Displacements of Hydeoobn Line 


Latitude 


North 


9 26 
9 26 


9 26 


7 8 46 

23 8 54 


26 8 44 

8 45 
28 9 40 


9 15 
9 14 
10 8 
9 20 
9 18 
9 21 
9 40 
9 38 
9 6 

9 20 


37 

73 5 
4 
31 

26 5 


83 5 
17 5 


78 5 
36 5 


79 5 
85 


^26 
82 6 


76 

66 5 


60 6 


28 


South 


36 

40 


48 


4 

14 


27 


38 

30 5 


40 6 


29 

18 6 
42 


Limb 


E 

W 

E 

W 

E 


E 

E 


E 

E 


E 


W 

tv 


w 

w 

E 


w 

w 

E 

W 

W 

E 

W 

W 

E 

E 


E 

W 


E 

E 

E 


W 


Blsplacjemetit 


Bed 


SI 
0 6 


SI 

1 


SI 


1 

0 6 
SI 


SI 


SI 

1 

I 


SI 


Violet 


SI 

SI 

1 


0 6 


*1 

1 


SI 

SI 


SI 


SI 

SI 


1 

SI 


1 


Both 

wbys 


Bern arks 


At base 

In obroMospher© 
At base 
Bo 

At top 


At top 

Bo ©xrt^ndfi over If* 

4* 16® to + 20® 

At top 

Bo Eactends over tom 
39® to — 41® 

Bo Exrtende over 4® tom 
— 46® to — 60® 

In chromosphere 
At base Extends over 2^ 
tom -f 84 6® to -f 36 
In ohromosphero 
Bo 
Bo 


At top 
At base 

Ih obromospher© 
Bo 

At base 
At top 


Bo 

Do 

Atl^e 


At top 

Bo Extends over 2*^ tom 
4“ 69 6® to 4* 61 6»® 


At to 

At ' 
Bo 


At top 








T4B|i19) III. — Displacements op Hypiogen Line 


Bate. Hour. 

I. S. T. 

1934. 

H. M. 


December 1 11 20 

7 8 67 

8 10 30 

10 32 

9 3 66 

18 10 64 

10 18 
10 16 

19 10 7 

10 16 

24 9 46 

26 8 66 

27 10 33 

31 9 37 


Latitude. 


North, 

South. 

Limb, 

o 

o 




73 

E 


61 

W 

84 


W 

86 

54.5 

26 

W 

46 


W 

61 


W 

45 


B 


28-6 

E 


26-6 

E 


35 

E 


49 

E 

31-6 


W 


Displacement. 


Bed. 

Violet. 

Both 

ways. 

▲ 

A 

JL 


SI 


0*6 



1 

1 


0*5 

SI 


0‘6 

SI 


SI 



0*6 


SI 

SI 

SI 



3 


Remarks. 


At top. 

In chromosphere^ 

At top. 

Do. 

At base. 

At top. 

Do. 

At base. 

At top. 

Do. 

At base. Extends over 2® 
from — 34® to — 36®. 

In chromosphere. 

At top. Extends over 3° from 
+ 30® to + 33®. 


The total number of displacements 4S as 
as foUows : — 


against 92 in the pxevions half-year and their distribution was 


North. South. 


Ito30® 6 9 

31® to 60^ 8 9 

61® to 90® . . . . 11 2^ 


Total . . 26 20 


East Limb - 25 

West Limb ............ 20 

Total . . . 45 


Of these displacements, 24 were towards the red, 20 towards the violet and one both ways simultaneously. 

MeversaU md Diaplacements the Sun's Disc. — Fifty-five bright reversals of the Ha line, 45 dark reversals 

of the Dj line and 3 displacements of the Ha line were observed during the half-year. Their distribution is 



North. 

South. 

East. 

West. 

Bright reversals of Ha . . 

. . 28 

27 

38 

17 

Dark reversals of D3 . . . 

24 

21 

32 

13 

Displacements of Ha . 

1 

2 

3 

•• 

Two displacements were towards the red, hone towards the violet and one both ways simultaneously. 


Prominences projected on the Disc as Absorption Photographs of the sun’s disc in Ha light were 

available from Kodailkanal and the co-operating observatories for a total ' of 177 days which were counted aa 
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161 effective days The meaa daily areas of Ha absorption markings (corrected for 
mi onths of the suu^s visible hemisphere aud their mean daily numbers are given below 

Mean daily Mean daily 

’Kfriri-h areas numbers 

1050 6 15 

1611 6 76 


foreshortening) m 


Total 


2561 11 91 

+ show an increase of 64 per cent m areas and 34 per cent in numbers, compared with the 

s half of the year, the activity m the southern hemisphere bemg more than doubled 
For comparison mth bnUetins issued prior to the co operation of other observatories the means based on 
Kodaikanal photographs alone are also given, 136 days of observation being reduced to 122 effective days 

Mean daily Mean daily 

North (Kodaikanal photographs only) lloT 

) 1439 6 61 


Total 


254-1 


11 65 


The distribution of mean daily areas m latitude is shown m the following diagram Compared with 

UTAVinna ho It ttaov* 1 v 


41,0 o 14 ir XT. , , XU uuo xuiiuwing uiagram compared with 

e p e^ous half year there has been general increase in activity m both the hemispheres, the increase in 
the southern hemisphere bemg very marked '' 


KAO i4 XU Z - ^ The maximum of activity is maintained in the zone 46® tb 

u!”"® wT ““ “ half-year and no march of the maximum towards the poles is 

‘Observed* althoUfirVl tllA KAO a ad\a _ ^ _ j -1 



y J S' 


/ / / 
blI- _ . 




mmmmmsmma 


Compared with the previous half-year, areas show a slight eastern preponderance and numbers a. 
flight defect, the percentage in areas being 52 and in numbers 49*5. 

The mean daily areas of Ha absorption markings uncorrected for foreshortening are given below. 

Mean daily areas. 


North ............. 550 

South 714 


Total . . 1264 

The uncorreoted areas amount to 49 per cent, of the corrected ones, the percentage being slightly less than 
- i)he previous half-year. 

The curve of distribution in latitude is similar to that for the corrected areas as usual. 

Thanks are due to the co-operating observatories for the photographs supplied by them. 

KbDAiKAjffAn, * T. ROYDS, 

^9ih August 1935. 


Director^ KodaiJcanal Observatory. 
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BULLETIN No. CVIL 


OXYGEN IN THE SUN’S CHROMOSPHERE* 
BY T. ROYDS, D.Sc. 


Ah6tr(xct . — Photographs taken at the Kodaikanal Observatory show that oxygen is a normal constituent of the sun’s chro- 
mosphere, and is probably in great abundance. The plate attached is a reproduction from one of the photographs obtained 
when the slit of the spectrograph was placed tangentially to the image of the sun’s Hmb, and shows the infra-red triplet of oxygen 
at XX 7771, 7774 and 7775 as emission lines in the sun’s chromosphere. The greatest height reached by oxygen is apparently 
S’5^ but this may be an underestimate. The significance of the presence of oxygen in the chromosphere for the theory of Support 
of the chromosphere is discussed. 


Oxygen was discovered in the sun by Runge and Paschen ^ who observed the infra-red triplet Xk 7771, 
7774 and 7775 as absorption lines in the Fraunhofer spectrum, and it was conclusively proved by the Royal 
Observatory, Edinburgh ^ that these lines originated in the sun. It is also known^ that the oxygen doublet 
X 8446 is present in the Fraunhofer spectrum. These five hues are aU the known lines in the sun’s spectrum 
due to oxygen. ? 


" ' The author has now succeeded in photographing the oxygen triplet as emission lines in the chromosphere.' 
'The image of the sun’s limb was thrown on the slit plate of the large spectrograph of this observatory with! 
the slit tangential to the sun’s limb which was as near as possible to the sht without admitting photospheric 
light into the spectrograph. The spectrum was photographed in the first order of a plane Rowland grating on 
Ilford infra-red sensitive plates. 


The plate accompanying this bulletin illustrates the oxygen triplet in one of the photographs obtained of 
the chromospheric spectrum. Fig. B shows the oxygen triplet as bright Imes, as compared with the ordinary 
solar spectrum in fig. A, where the oxygen linos are seen as absorption lines as is well known. The background 
^of fig. B is due to the sky spectrum which consists of scattered light from the sun, and hence shows the usual 
continuous spectrum and absorption lines of the solar spoOtrui^^Oxgefit where emission lines due to the sun s 
chromosphere are sufficiently strong to show brighter ^o^al^^O^ed^s^y spectrum. When the spectrograph 

.slit is not close to the sun’s limb, the oxygen triplet is seel^Jan £^^^^^^ggtrum“ as absorption lines, but when 
the sp»,’s chromosphere impinges on the slit, tljie liu^^s are^ as may he seen in fig B. 

aese reversals' may'be difficult tO/see W the.r,o^rqtlH!pAe|lljW©^e^^ photographs 






jS th© aufc: 

^ 96 r~lS 2 B’ on the i^a-xed flash and coronal spedtxa, -i 
' oxyglii:^^^72,:7« 

■ ' ovels, thotigh faintly pifeseiit ni'a 
'“"’I'iio 




t eclipse, nc 


J. 4. ■ • 317.' ' , ■ 


'ia^TUMcritioiis of tbe Allegheny Oh- 
me of i'anuary 24th, 1Q26. Regarding the oxygen lines 
L6ipn our ^plates. It is, very strong at low levels 

j diScovPry of the presence of cxygen in theehro- 

the' oxygen triplet in the flash spectrum haa 
■ ' movement in red sensitive plates. 








Pfice As. 4 of Sd: 
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have been, added Fig b is the miorophotometno record across the right hand half of fig B, and fig a is the- 
record across the same part of fig A In fig a, the oxygen lines due to the solar spectrum show as absorption 
nes (absorption is shown downwards from the continuous spectrum) exactly similar to the neighbouring iron 
^d nickel lines, whereas in fig b the oxygen lines due to the chromosphere are shown as emission lines 
(i e , upwards from the oontmuous spectrum) m the direction opposite to the neighbouring iron and nickel absorp- 
tion lines m the sky spectrum of figs b and B, and in the solar spectrum of figs a and A This shows that 
oxygen is present m the chromosphere but not non and nickel The scale of the mioiophotometer records iS 
arbitrary and has no photometric significance It should be mentioned that the graimness of the photographs 

has been subdued m obtaining the photometric records for the sake of clearness, but at a shght sacrifice of 
resolving power ® 


The presence of the bright oxygen Imes in the chromospheric spectrum seems to he a permanent feature of 
the c^omosphere Eyidence of the bright reversals was secured m the first photographs attempted and they 
have been photographed every day since the first attempt whenever the sky has been snfaciently clear Also, 
since the sun s image from the siderostat feeding the object glass rotates during the day, the spectrograph slit 
becomes tangential to the sun at different latitudes m the course of the day, but evidence of the reversal of the 
oxygen hnes was secured alwajs It is therefore clear that the reversals have not been seen once only af a 
avou^ed region of the sun s limb, but are a permanent feature of the whole chromosphere 


The length of the reversed oxygen hues obtamed with a straight sht tangential to the sun's hmb is a- 
^asme of the height to which oxygen (as represented by this triplet) extends in the chromosphere 
The height deduced from the photograph reproduced m fig B is 3 5' This is very likely an Undet- 
es^a e, since the hmb of the sun was probably a httle distance from the sht at its nearest point, m 
order to avoid the risk of photospheric hght ent^rmg the spectrograph Under the best conditions of observa- 
tion and m echpse photographs it is to be expected that the oxygen Imes will extend to greater heights than this, 


One other point should he mentioned At the time of observation and at the position on the sun’s hmb at 
which the photograph reproduced m fig B was taken, there was no prommence at the sun’s hmb 


11 0^7^ tnplet at I 7770 has a high excitation potential, it follows that if they are observed at 

all in the chromosphere, the number of atoms m the ground state must he large Russell haS shown ^ that at 
solar tempmatures the number of oxygen atoms m the ground state is of the order of 10» times those wltfbh 
can ennt the triplet at X 7770 Consequently we may conclude that oxygen is extremely abundant to the 
stos chromosphere RusseE has stated ^ that although there is some uncertainty regarding the pwporfciOhS 
of non metals m the reversing layer of the eun, it would appear that the proportions of elements (by vuilmttt) 
to the reversing %er are H 91 per cent, He 3 per cent, 0 3 per cent , aU metals 1 5 per cent Smce dxgmenlm 
therefore of great abundance m the teversmg layer of the sun, it is not surprising that it is also tohe fitondih 1Sh« 
jromosphere, and by the same arguments as Russell’s for the reversing layer, it follows that if the 
tuifiet Qfhigh excitation potentialis seen ftt all, the abundance of oxygen m the chiomosphere mhst be 

M well known, Milne’s theoiyof radiation pressure on the atoms of lorased calcium as the s 
of a chromosphere is the only theory winch has even partially explained the phenomena of the mm’s 
successfully es^plaiued the great height reached by calouim m the ohroxnospheije, the 
of the forma^ou of calcium prommeuocs aud the origm of the lacge velocities of ascent m eruptive oi 
mmences It is also well kuown^ that there are very serious obieotxpus to Milne’s theory The 
^ Bussell, A J 70 


liU 1029* 

Boyds, Kodaakanai ObserVatQ!?^ Mletm Ho 06 
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Emission 
Lines in 
Chromosphere 


Continuous 

Background 


Oxygen 

Lines 


Fig. a 


Continuous 

Background 


Absorption 
( Lines 


Fig. b 


Fig. B shows bright Oxygen lines in Chromosphere. 
Fig. A shows ordinary solar spectrum. 

Fig. a and b are photometric records of. A and B. 
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objection is that the chromosphere contains other elements which are present in far greater abundance than 
calcium. To the previously known presence of hydrogen and helium we have now the presence also of oxygen^ 
All these three elements are present in great abundance , indeed they are. as mentioned above, the three most 
abundant elements in the sun. Yet the selective radiation pressure on all three is iixsignihcant. It would 
seem therefore that mere abundance in the reversing layer is an important factor for the presence of an element 
in the chromosphere. Whatever may be the natnre of the force which supports the sun’s chromosphere con- 
taining H, He, 0 and Ca it might be that the function of radiation pressure is to raise the calcium atoms 
to that high level where th el chromospheric supporting force begins to be effective, rather than that the radiation 
pressure effective on ionised calcium alone is in some way enabled to drag with it into the cliromosphere enor- 
mous quantities of H, He and 0. 

The presence of neutral potassium and rubidium in the chromosphere is not to be expected, on account of 
their low ionisation potentials. The most favourable lines for detecting their presence are their resonance lines- 
and it so happens that these lines lie near the oxygen triplet, so I have looked for them. I have not been able 
to detect any suspicion of bright lines of K. at 7698, Hb at 7800, nor the subordinate lines Rb 7767 and 7619. 

For the formation of the sun’s image in this research, use has been made of a 15^^ object glass loaned by 
the Nizaniiah Observatory to whom I express my indebtedness. 

KODAIKANAn OBSKaVATOKY, T. ROYPS, 

29th August W3f). Director^ Kodaikanal Observatory^ 


GIPP-M 127 Dr Koclaikanal Ohs--29-l-26-« 370. 
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BULLETIN No. CVIII. 


SUMMAEY OF PROMINENCE OBSERVATIONS FOR THE FIRST HALF 

OF THE YEAR 1935. 


In pursuance 6f the programme of work adopted since 1st January 1923 under the auspices of the Inter- 
national Astronomical Union, all observatories taking spectrohehograms of the sun have been asked to co-operat}e 
with the Kodaikanal Observatory by supplying copies of their photographs for those days when the Kodai- 
kanal records are imperfect or wanting. In response to our requirements for the first-half of t^e year 1935, the 
Mount Wilson Observatory supplied calcium (K^sa) prominence plates for 19 days and disc plates for 15 days 

and the Meudon Observatory supplied calcium (K3) disc plate for 1 day and Hqc disc plates for 10 days. 

When only incomplete or imperfect photographs for any day are available from more than one observatory 
the best photograph is chosen as representing the solar activity of that day, after weighting it according to its 
quality, and the remaining photographs are ignored. 

Calcium Prominences at the Limb , — ^The mean daily areas and numbers of prominences photographed during 
the half-year by means of the K line of calcium are given below. The means are corrected for incomplete or 
imperfect observations, the total of 177 days for which plates were available being reduced to 163 effective days. 



Mean daily areas 

Mean daily 


(square minutes) 

numbers. 

Korth 

1*99 

6-81 

South 

2-49 

6*77 


— 

— - — 

& 

Tota^l . 4*48 

13*58 

Compared with the previous half-year, areas and numbers show an increase of 14 per 
respectively. 

cent, and 2 per cent. 

For comparison with bulletins issued prior to the co-operation of other observatories the means based on 

Kodaikanal photographs alone are also given, 

167 days of observation being counted as 155J effective days. 


Mean daily areas 

Mean daily 


(square minutes). 

numbers. 

North (Kodaikanal photographs only) 

. . . . . 2-01 

6*80 

South ( ) 

. 2*50 

6*86 


— — 

— 


Total . 4*61 

13*66 


( 366 ) 

Price annas 5 or 



doBteibi^ira of promineaoee in latitude is rqnesented in the following diagram, in whioh tiie foil Una 
g.™ toe mean dady areas m.d toe broken line toe m«m dady nmnbers taieh ^of 5' Si 

.sxlmat., r.p.«ent tonto, of a sguare minute of are for to. f./line and number, for Z ILn iT 


wito tol Compared 

.. h ■ I, m. ’ ^ increaBed activity in the belts 10° to 16° and 30“ to 40° in the 

ToCr as seen in a^aa remains stationary in the belt 46° to 60° in 

bo^^the hennspheres. whde the maodmnm in numbers haa advanced 6° towards the pdes in the southed h W 
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individual prominences and dividing by the total number of prominences observed, the mean extent is derived 
by adding together the lengths of the base on the chromosphere of individual prominences and dividing by the 
total number of prominences. 


Table I. — Abstbaot for the first ttat.v of 1935. 


Months. 

Number 
of days 
(effective). 

Areas. 

Numbers . 

Daily means. 

Mean 

height. 

Mean 

extent. 

Areas, 

Numbers. 

1936. 







o 

January .... 

26i 

112-6 

339 

4-4 

13-3 

37-0 

4-96 

February .... 

27i 

121-2 

409 

4-6 

16-0 

33-5 

4-60 

March . . . * 

28i 

128-2 

396 

4-6 

13-8 

33-8 

6-26 

April . . . « 

26i 

122-4 

369 

4-7 

14-1 

• 

32-2 

6-20 

May .... 

28i 

134-8 

348 

4*7 

12-1 

36-9 

6*36 

June .... 

26i 

112-9 

362 

4-3 

13-3 

35-7 

5*38 

First quarter 

81i 

361-9 

1,144 

4-4 

14-0 

34-6 

4-95 

Second quarter . 

81i 

370-1 

1,069 

4-6 

13-1 

34-9 

6-67 

First-half .... 

163 

732-0 

2,213 

4*5 

13-6 

34-8 

5-29 


DistHhutiofi Ecist ct/ind W cst of the Sun^s Axis, 


Compared with the previous half-year, both areas and numbers show a very slight defect in the east limb 
as will be seen from the following table : — 


1936, January to June. 

East, 

West. 

Total number observed 

Total areas in square minutes 

• 

1,094 

366*0 

1,119 

366-0 


Percentage East. 


49-44 

49-93 



3 ' 


Latitude 


Di^laoement 


Both 

Violet ways 


la ohromospbere 
Do 

At base 
Do 

At top 

Throughout the height extending 
over 3° 

Throughout the height extending 
over 11° 

At base 

At top extends over 3° from 
«.17° to -^20° 

At top 

In chromosphere 

At top 


At top extends over 2° £rom 
+47° to H 48° 

Extends over 2* from — 29® to 
—31° 

At top 
Do 

In chromosphere 
At base 
At top 

At top 

In chromosphere 
At base 

At top extends over 6° from 
—16° to —20° 

At top , extends over 4° from 
—36° to —39° 

At base extends over 2° from 
—32° to —34° 

At base 

To red at base and to violet at 
top 
At top 

At base 

In chromosphere 
At base 
At top 


At top 

At top extends over 2° from 
—440 to — 46° 

At top 

At top extends over 2° hrom 
—19° to —21 
At base 

Extends over 2° 


A 
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The total number 
was as follows : — 


of displacements was 91 as against 45 in the previous half-year^ and their distribution 


North. South- 

8 34 

10 28 

7 4 


Total . 25 66 

East limb . . . . . 41 

West limb . . . 60 


Total . 91 


1“ to 30" 
31" to 60" 
61" to 90" 


Of these displacements, 66 were towards the red, 29 towards the violet and 6 both ways simultaneously. 


Reversals and displacements on the Sun^s disc. 


One hundred and seventy -three bright reversals of the Ha 
placements of the line were observed during the half-year. 


line, 139 dark reversals of the Dg line and 14 dis- 
Their distribution is given below : — 



North. 

South. 

East. 

West. 

Bright reversals of Ha .... 

70 

103 

99 

74 

Dark reversals of Dj .... 

66 

83 

78 

61 

Displacements of Ha . . • • 

7 

7 

7 

7 

displacements were towards the red. five towards the violet and four both ways simultaneously, 


ProTYiineTices projected on the Disc as Absorption J^arTcm^s, 

Photographs of the sun’s disc in Hqc Kght were available from Kodiakanal and the co-operating observa- 
tones for a total of 178 days which were counted as 168 effective days. The mean daUy areas of Hqc absorption 
markings (corrected for foreshortening) in milHonths of the sun’s visible hemisphere and their mean daily numbers 
are given below : — 


North 
South • 



Mean daily 
areas. 

Mean daily 
numbers. 

, 

959 

6*22 

• 

2,521 

13*11 

Total 

3,480 

19*33 


The distribution of mean daily areas in latitude is shoivn in the foUowing diagram Compared with 
the previous half-year, there has been great increase in activity in the southern hemisphere, the actwity m the 
nortLm hemisphire remaining almost the same as in the previous half-year. The maximum of activity 
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aone 46“ to 60“ noted m the two previous half years remains m the same zone m the northern hemisphere and 
has advanced 6 towards the pole m the southern hemisphere, where a second maximum has also appeared m 
the belt 30“ to 36“ 



a aught extern detaat. 


The mean daily of Ha areas absorption markings uncorreoted for foreshorting 


are given below — 
M^an daily 


The uncorreoted areas amount to 64 per cent of the corrected ones 

The curve of distribution m latitude is aimilai to that for the corrected areas as usual 

r^a ate due to the oo operating observatonesf or the photographs supphed by them 

mm^nm , ^ 

iiHri>-Sl-MlDrKod«Kmiot.-«8«_„0 dmutort iUreotor, iaUafeaio! 0 
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PHOTOMETRIC STUDY OF THE LINES OP HYDROGEN AND OF CALCIUM IN 
THE FRAUNHOFER SPECTRUM AT DIFFERENT POINTS OF THE SUN’S DISC, 


BY 


T. RoYDS A.ND A. L. Nabayan. 


SUMMARY. 

Bv mpans of photographic photometry, the contours of several strong lines in the son's spectrum have been obtaihed for 
irarious points of the sun’s disc between the centre anil the limb, and the equivalent widths have been derived from the contour 
Burvos. The linos studied wore Hy, llS, the H an,l K lines of ionised calcium and the 4226 line of neutral calcium. 

Tt is foun.l that the residual intensities in every part of all the lines studied are greater as the limb is.approached than at the 
centre of •he disc This is consistent with our previous knowledge ..f the tendency of the wings of lines to disappear towards the 
r r/1 .ri.lo, «, ho limbi, partly .b.. .o mla.iva ln.ea.lt.vope» of th. 

«yo to Iho'famt wing,. r»' aotmilly both in tho ooro ami in Uio wings tbo roaidnal intonsily i, always (tor tho bnoo studiod) gtoa or 

towards tho limb. 

The residual intensities, equivalent widths and corresponding number of atoms lying above 1 cm> of the sun’s surface are given 
for difforont pointB on tho sun’s disc in Tables I to VI T. 

„,„ri„..o,.,to.,,mp.mtb,..iroot,or,bo,ma,ot.no.«^^^^^ 

o„„or«.s.rt.nm»p,min..o,.by.b^ 

terrestrial oxygen it was confirm d , v • r nU THunts of tho oontoiir with inereosing zenith distance, 

sorbing molecules, tho residual intensity m t le ini^ tu,?*iiiPlinntiori of the path through the reversing layer increases (as occurs 
, In the sun tho effect is in tho opposite directum ^ h ^ the effective level of the' photosphere is higher 

:?hrat t trrellniiK. the background of continuous spectrum is unchanged for 

both high and low sun. 

tb. aba, .go b, oodiod. olaola, .bi» « tb. Umb 

ar,«« ia the aumbor of oiroal.vo alom. duo to “ ^ ,0 faot that tbo offootlv. lovoi of 

the line and increase Its equivalent Wilt , {*•) p (lecreaso its equivalent width. The first effect can be 

' .the photosphere is higher at ° ^cond effect ear oe measured from the changes in tho contours towards 

allowed for from geometric considerations , levels in the sun’s reversing layer as given in Table X. 

: the limb. Hence we have derived the concentration of atoms at diitcr 

1 • t f«im the ratio of neutral to ionised atoms, is about 2 x 10- ‘ atmospheres at aU the levels 
The eleotron pressure derived from the ratio ot neu 

loonsidered. ^ ^ 
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It till two wi(lf,( iifiudl t( h III 1)1(11 mill in imilu position tliiir trin pan n< u s w ul i I i 1 n 

hiniilu (although not i<l( ntii il t Ji flii\ win lonstnutdJ indijii mkiith if taili otli r) but th il i * 

hows how dxfti 11 lit an th ii itliitni tianspaninii iliii to tluir difFirint p< sili n in th |!i ! tn i 

nu lit \ttintlu n ult ohtiimd thin w is satisf iit< n ay 1 1 nn nt in tin nut ur \ ihi 1 1 un iwtli i 
W( d IS m these two tlilk n nt po itioiis 


ihc the 01 V of till tonuitiou of ib oijition linis has been formulated man\ tiiius Wi h ill I 
till nil thud of Un oliM wh( w i tin hi t to didni i tlu miiiibi r of absoibmg atoms in tillirutm r 
h avid that ah oiptioii line i )uld lx uciuntid for h\ the scattering effect of th » ill 1 d 
He niadi use of the \ iliii 1 the sclietiM se atte riiv e oe ffie le nt gue n 1 1 \ oi„t from the eli i dth 
ing In hound ell eti oils lunieh 
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when (T IS the seatteiiiig eoeflieitnt jxr cm length 

X IS the wa\ t length it the centre of the absorption lint 
^ IS till mimbtr of absorbing atoms per c c 
/ IS the o i illatorv stn ngth foi the particular hni 
and the runaimng turns ha\t thur usual sigmheante 


ti in 
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Jilt ahovi txprcssiononh applusm the absence of Dopplirbroidenmgdu t tl m ti n • 

ing atoms in the lint of sight inthc absence of collisions k twee n the ate ni u Ii i [r nr i 
ihsenet of the Stark effect due to mtcratomie eleetne held In the j re sun f D ff I r I r i i 
pressum nun onh he stricth applied to the win, of the ih erpti ,n hue uft. i iitlc f » fr n l t 
«JHffeettdb\ the Do ppler displacements which come inte e >n idiritie n 
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No exact expression has yet been given for the contonr of an absorption line produced by an atmospbers 
rf finite thickness. The best that can bt‘ done is to use approximations made under simplifying assumptions 
khuster showed that if we assume a definite photospheric surface at the base of a homogeaeouM sc-attering 
atmosphere, the contour of the resulting ab.sorption line will be given by 

^1 

^ 1 + 0 ^ ( 2 ) 

where f is the ratio of the intensity in the line to the intensity of the photospheric radiation. 
a is the scattering coefficient of the atmosphere, 
and H is the height of the atmosphere. 

Substituting Unsuld’s expression for the scattering coefficient, it wiil in- seen that the contour of an absorn. 
tion line broadtmed by scattering will be of the form " 

r =- 1 

l+a/(X-Xo)* 

where a - 2Tte%^ NfHl'Smh-*. 


The actual contours found for Fraunhofer lines do not follow the above form for r. Neither the eontffurs 
which are published in this bulletin nor those which have been published by others resemble that given bv the 
above equation (3). lm.sold and others have sometimes inti^rprettnl their rt*sults by taking the widths of* lines 
at a certain value ol This eorresjionds to selecting a point on the actual contour where it is cut bv the the«». 
retical contour given by (3). Naturally, the results obtained will depend on the value of r seleeted. ' 


Also, the inten^^ty at tin* centre of an absorption line predicted by (‘quation (3) is nqt verifiwl in the actual 
measures of absorption lines in the sun and stars. According to ctluation (1) the seatt**ring eoeffieieiit at the 
centre of the line, where (X — Xo) zoro, is infinitely large and therefore the absorjition f»f fihotospherie radia- 
tion should be complete, making the central intensity zero. Actually it is found that the central inteitsities 
in iraunholer litU's are considerable, being of the order of at lea.Ht 10 per cent even for strong lim*s. It should 
be mentioned, however, that since the work published in this bulletin was ccwnpietiHl, Thackeray,® using a 
monochromator in front of the slit to reduce scattering in the .spectrograph, ha.s found much smaller central 
intensities particularly for the resonance line of neutral calcium, X 4226. If the results of Thackeray are 
correct, they remain difficult to explain. Some attempts have been made by Wwlley • and by 8tnlingr« n "* 
to interpret the a{)prt>eiable intensities found at the centre of Fraunhof(‘r line.s as fiuf>re*een«* effects in the 
manner suggested by Ho.sscdand. Wh(*th{*r these interpretations are well bam^l or not, it is dtificfih to « h_v 
the calcium line 4220 should have tlie lowest central inten.sity as found by Thackeray. Whatever may l»<* the 
■processes in stellar and solar atmospheres which cause appreciable intensiti**s in other lines, it is not easy i»» »,*»• 
why X 4220 line should be an (-xception. „ 

The evidence of the e(*ntral intensity in the terrestrial lines in the Fraunhofer sf>eetrura shoulil not bi; 
neglected. It is sliown later in this bulletin that the line.s m the Fraunhofer spertrum which are mt»,t certainly 
conditioned sohdy l)y pure scattering arc lines in the terrestrial bands due to absofption by gat«*s in tlu* earth * 
atmosphere. Take for instance the B band due to molecular oxygem. If any lines in the Fraunhofer sps-etruin 
should have the zt-ro central intensity predicted by the scattering theory, they are lines .sin-h as tho«e «f the B 
band, the photoraetrie re-sults for which are given in a later section of this bulletin. Antieijiating the 
there given, we may state that the central intensities of the lines examine<l are of the order of 4ii {*er «-nt <»f 
the sun’s continuous spectrum. This deviation from the predicted zero value is so eo»*i«hTaWe that tliero 
no possibility of explaining it as due to def(*otive exp(‘rimental conditions snch as inbumal *alfmiig within 

the •nil 


jMnum lulth » t l» VIH t<( rom e cwr\ ^ from attual (ontoura 

j {„ 1, ^ 3 j^^^dthoffontinuou.B 

lh< .juiv il< ni "hUU . i u> ibsoipMon hm is defined as the wmui 

. - 4-U, 


u„ a,n ,n,.M ..la totU n.r,> absorbed m the hne It ., espressal b, /(!-) -*>> In th. .as, wher. 
;: l... ..U ........vaunt ...Uholahne., read.,. „bta...ed Iron. ...at.o.. O, - .s n 

bv re* , /^TT 

W - ^ 7 ^ V - 


(4) 


‘ "S/ ~T 

W..,. ...... .s,«.ge,no..gh,o;e the pr.no.pa, agent .nbroaden.n, an absor.,t.onh... th. .qn. 

vab nt width is giv( n bv “ 

W 7,^ NfH 

A.tualh nutlui (4) nor (i) corresponds to solar "rgeTougr^ Ik the 

bulh tin Unde I ac tual e onditions where t e opp er wi ^ r 

ti t 1 ^ &. IV 1 1 fl 10 for the \B-ifieation of the < x 

The hue of the B band m the Fraunhofer spectrum have been various v u^ orbing atoms w he u tlu 

p.,,,T™ )fo,,h. ...... d.ntw.dth,ofab,orpt.o..,.«esas«^^^^^^^ 

..., aropod,....,,.. ,.nr. s.att.r.ng T" t/SIrk e® 

lines arc proa i collisions and the btark erne The numlH r ot 

pherc the Doppler wieltning the en w.r.,.T.+inTi hues produced by pure scattering 

oM. a..dw. IL ...th... l'-san.dea,caseotab,orp.on,me „,,.t . 

tff.,t... ato.,.s.ar..sw.t„t,.. “ l“a,t.tnde, Pt<f.rah,. ont,.. .a.... 

n..tr,o .ne.,u..a of p. .t....n photograph, taken at ^ of .on.e of th. ,.n. s ... t h. 

A.t... pre™..sr. . cr.':: 

rt";-;:— - "» -/t: 

, v+tnrn tor photometr\ iht imes i,or yeiuth ehstances up to tl 

b propoTtional to tnc 

^ ^ , e 1 Vi crVi qun i 0 


p alontwltl t livanlhghsun 

ant f zon th d st nee 


f ant f 2,en th d st nee r of alisorb 

+ Tinb+v of the equivalent width to Aithoujih the results confirm 

This result shows that the ^ hnes are conditioned b\ pure g are proportional t th, 

the seattenng the ory m sho ^et the central inte usitie s of the h hues m a 

seiuaie loot oi the number ^ scattering ^dh high sun ^ >0 unt Since abstirptiou in 

the 7(ro value prcdietee W continuous background an wi V ^ the application of the themrt ofalno p 

uied ttera^e 42 ptr cen o conditions absorption lines it would seem that the 

t,.c .art,. , apprecaWe '““\f of the „att.nng thenrv rath.r than 

t.c.. b. s< att. ....g “ ^,„h„fer ,.ne may be due to th. 

ce ntral intensities u reversing luye r __ — 

„h,o,..e 

■ ZiTbi oy f ‘ ''‘I'’* 


I n uH St 
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TIi'r jihoN»ifii>trjr r« for thf various Ul^ studied at the Kodaikam! OU^^-rvatiry ar** given S««low i 
Tahl« h ! to VI 11 and in iig>. I to H, which are the mcr&^m from 5 w more platen. .Sinw it wa^de.draMe t 

Table I. — Calcium Lise X 422(>. 

Rt Hidunl inlf tisity. Equivalent xridth, and N umber cf atoms ahove / of phtdmpht n . 


0-898 


0-760 


0-638 


0-Al(» 


(M0» 


16 - 9 % 


18 - 8 % 


18 - 3 % 


18 - 8 % 


19 - 6 % 


a»-si% 


Equivalent width 


•* NH per cm* 


1- 30 A 


3 - 10 x 101 * 3-02 


m 




* Sin e = distance from centre of disc expressed in radii. 

§ 100 units = 1 • 57 A, or 1 A = 63 • 6 units. rtetennined but are not 

t Contours for intermediate points near centre of Imew 

- By formula ( 4 ) ; f = 2 . - NH = W X 10 »/ 0 - 587 . 








nL— K Lon or Iohibsd C^uusum. 

tUdiwA intendtff, Egmvakni wUUh,_<md Nmdter cf t^kmu dbom 1 or* ^^oto^phem. 


Sin 0* . 

# 

0 

0-44 


llllllllll^ 

0-86 

0-95 

0-98 

Cos 6 . ... 

1-0 

0-898 

E 

mm 

0-510 

0-312 

0-199 

(X-Ji.) I 








0 . . . . 

14*0% 

16-2% 

16-7% 

16-9% 

18-2% 

20-3% 

21-2% 

± 6t . 

18-2 

10-0 

20-6 1 

. 21-4. 

28-2 

26-6 

28-0 

±10 t . 

22-0 

28 0 i 

24-9 ‘ 

It 1 

26-2 

28-3 

31*3 

33-6 

±16 .... 

26*2 

26-2 ' 

28-4 1 

30-1 

82*6 

36-6 

38-8 


28*4 

29-4 

31-8 I 

83-8 

86-1 

40*8 

43-0 

±30 . . 

36*2 ■ 

36-4 * 

37-9 ; 

89-2 

42-1 ♦ . 

47-8 

60-8 

±40 . , . • 

42-6 

42-8 

46-1 ) 

46‘0 

4$S 

68-1 

67-6 

±®0 . • • • 

60-1 

49-6 

61-8 

62-6 

64-6 

68-9 

64-0 

±60 • « f • 

68*2 

57-6 

69-2 I 

69-6 

# 01*5 

64-4 

60-5 

db^O a • • * 

66-4 

66-2 • 

67-8 

i 

67-1 

68-1 

70-0 

1 74-6 

±80 . 

71-8 

72-4 , 

* 78-8 i 

73-8 

71-1 

78-1 

79-2 

Eqiiivaleiit width . 

10*77 A 

10-74 * 

10-60 j 

10-44 

10-09 

9-68 

8-64 

♦♦ NH per om! 

10- 86X10“ 

10-80 

10-61 

10-20 

9-68 

8-78 

6-83 


• Sin 0 = distance from centre of disc expressed in radu. 


$ 100 units =- 8*82 A, or 1 A — 12*0 units, 
t Contours for intermediate points near centre of line were 
•* By formula (4) I f => 2 / 3 , NH - W«X lO»/lO-60. 


doteinniiiod fent hlW fopHHiwdd* 







Table IV. — Lies. 

Residual intensity. Equivalent width, and Nwnb&r of atoms above 1 (m* of jhidosphert. 


* Sin 0 = distance from centre of disc expressed in rad" 

§ 100 units - 2-22 A. ^ of line wre determined but are not 

t Contours for mtermediate po ^ l(ji»/ 0 . 636 . 

** By formula (4) ; f' = 7-69. -- - W X 


,:regpa^liwcl- 


Bin (J 


♦ 

• 

0 !. 

0-44 

0-65 

0*77 

0*86 

0-95 

mm 

Cos 0 


• 

• 

1-0 

0-898 

0*760 

0-638 

0*510 ■ 

0*312 

0*199 

(X— Xo') § 









29*1% 

0 

, 

« 

, 

25-1% 

26-4% 

26*4% 

26-9% 

27*9% 

29*0% 

:fc f' t 




26**8 

26-2 

27-3 

27*8 

28*8 

30*0 

30*0 

± 10 t 



. 

28-2 

28-4 

29-8 

30-2 

30*9 

32*2 

32*0 

± Ifl 




33-0 

33-0 

34*4 

34-6 

35*2 

36*1 

36*0 

db 20 




41*4 

40-4 

42-7 

42-2 

43*4 

43*8 

43-8 

± 26 




51*8 

61*0 

63*7 

53*3 

53-9 

65*5 

.55-2 

»t: 30 

« • 



61*0 

60-6 

64-4 

63*6 

e6-6 

68*6 

68-4 

± 36 

• • 



67-0 

67-6 

70*0 

71-1 

73*4 

79-1 

79*6 

+ 40 

ft » 



70-9 

71-2 

73*4 

75-2 

77*9 

83*8 

86*2 

± 46 

ft • 



73-3 

73-3 

76-4 

77-8 

80*6 

86-6 

89*1 

± 60 

• « 



76-2 

76-2 

76*8 

79-4 

82*4 

88*4 

90*9 

± 60 




78-0 

78-1 

79*8 

82-2 

86*1 

90*7 

93*2 

± 70 




80-6 

80*7 

82-6 

84-2 

86*8 

92*2 

94*6 

± 80 




82*4 

82-2 

83*8 

86-8 

88*1 

93*1 

96*0 

. ±-90 




83*8 

83-8 

86*7 

87*1 

89-6 

94*0 

95*7 

± 100 

• 

• 

• 

84-8 

84-8 

86*8 

88-4 

90*4 

94*8 

96 *2 

Equivalent width 0 — 106. 

Do. 106—381 

' Total E.W. . 

1- 56 A 

3 0-97A 

2- 53 A 

1-66 

0-97 

2-63 

1-47 

0*85 

2*32 

1*41 

0-76 

2-16 

1*31 

0*65 

1*96 

M3 

0*31 

1*44 

1*07 

0-24 

1*31 

Total number 
^ above cm^ 
ij, sphere, 

of atoms 
of photo- 

12*0X101® 

12*0 

10-1 

8*71 

I’M 

3*88 ^ 

3*20 








Residml i: 


Bin 0 ^ . 


Com 0 . 


0-898 


0‘510 


0-312 


0-199 


(x~~xj § 


± r> t 

± lot 

± 15 
± 20 
± 26 
± 30 
± 35 
± 40 
i 50 
± 60 
± 70 
± 80 
± 90 
±100 
±120 
±140 


Equivalent width 0 — 1 60 . 


160—800 


24-1% 


Total W. 


1-46 A 
1-81 A 
3-26 A 


25 - 7 % * 26 - 6 % 


27-2% 


. 2*70 


27 - 0 % 


28 - 5 % 


•>Q . OO' 
-V - ;o 


Total numher of atoms 
above 1 cm® of photo- 
sphere. 


4-04x101^ 


* Sin 0 = distance from centre of disc expressed in rad^- 

§ 100 units = 1 • 39 A, or 1 A = 71 • 8 umts. ^ determined bnt are not here reproduced. 

t Contours for intermediate points near cen re o ^ ^ 

** By formula (2) ; f' = 0-681, . NH « W*X 101/2-64. 
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Table \T. — Ht Like. 

'^nd Xambtr ,.f ahm, afjo,. 1 nn^ uf pladosph, 


u ‘ 8im 


lyy 


-o o 


‘>7 . - 70 / 


28-;i% 


2S-'J% 


31-0% 


K'(uivali>nl width 0 --105. 1-20 A 


105 -400 


I’liral \Y. 


0-06 A 
2-16 aV 


rnlal number of atoms 
a fjovo 1 cm- of photo - 
wpliortL 


7*92X 10^^ 


Sin 0 ilistan.ce from centre of disc expressed in radii. 

S 100 units 1 *52 A, or 1 A — 65*9 units. 

t CN.nt.,ur.s for intermediate points near centre of line were determined but are n..t here repnnlu. ..,8 
** By formula (4); P = 0 - 191, . • - NH = W=XlO”/-589. 
















oi,! 'in, w h... th.- uky *‘omlition« wemmn^nriy uh^a\ a.p'HsiUl.., tli.. «v r.. .’.f u-. v tak.i, «t 

ai,uM» fh.. .sami, t,m.- of th- y.-arn Vm and Um, and th^ mze of themn’a mnm* wm pra.in^aily hh^Wni for mil 
ti,.' |i!at!.« takr-ti. f'.HH.-.i.i.aitly, t!i.. same holod plate in front of the slit as deserilMsf on •^'iv iJ.-nti- 

cd di-t ■u.e.-s from tie- r. of the anti’s dm- for all the pUiten. The e«,uiva!ent widths of tie j , i. ..i.jaiu. d 
from the eunt.iur eurve. !.y d.-terminii.y^ the area of the space Indwten the continuous sj* •< * .od tf.. , euiear 
curve overt he wfioiewidlhoftlieliue. ft should he notwl that the valuiMihtaiii.Hl fa the ...nuvulent of 


'ir 

iliese wide lines ile|te!if!s to a f(ui>iderable extent on the jmint to which the extreme extent of iln- ine. js judged 
la d retell, and ,!e, -,ue!it iy tliut it is necessary to estimate the limits of thewi.lth of the lines a- a. 
jtassihle, 'lliis estiinatiou is larjtely a matter of judgment, especially in those regions af the sjwetrniii uhi* li 
me rieli in lini s, in whieli ciise it is often difficult to decide the limits of the ahsorfition liiit*. Ill 
where till- red or liie s iolet wing is less confused by foreign Hum than the other, it is Useful to as>tni!e thal 
the real extent eaiuiat lie \u-ry different on the two sides. The im{x>rt*nee of the eonfrihiition of the wings to 
till* ft a uierjuiviihuit width may be judged from the results given in the tables IV to Vll. Altlituigh ih* 
amoiifit i)f ubsoriition in the wings is small, the extent of the wings may l>e so great that the eontribiiiian to 
tln^ eiptiviileiit widtli b(!Comes considerable. Looking at table IV for the Ha line, the exact contours are given 
ii|it i » liHt units from the centre of the line, which is equivalent to 2*2 A. At tliis point the intensity of t ln< 
line lots rismt to 85 per cent, of the intensity of the continuoip spoetrum. The exactcontour of the line beyond 
this tniiut is unimportant but it is important to fix the total width of the line. It was found to be sufficient Jo 
di ten nine this total width of the line independently of the contour of the central portion of the line. The 
ciivitour of tile central portion of the line was determined from a large scale photometric record, i.r., with the 
broinide papt'r on which the record is obtained moving at ite maximum speed relative to the sixved of the plate, 
.^.s the exact contour in the wings is not important, the extareme width of the wings was estimated from records 
made vvitli the minimum speed of recording so that a considerable length of the spectrum on each aide of the 
: liii'* could be included in the record. Exact contours w»e thus obtained only for the central iKotions of the 
!' liii'v, and approximate contours used for the win^s, the limits of which w&te determined onoe fw all for eat fi 
position on the sun’s disc from one photograph. No appreciable errear in the equivalent widths can bt^ 
introduced in this procedure. Reverting again to table IV for Hie Ha Une. the equivalent width within 2* 30 A 
from the centre of the line is 1 • 56 A but the equivalent width bqyond this fioint amounts to 0' 08 A, In the 
wings of the line it is not the exact shape of the contour wMA is impmiiant, but rather the great extent of the 
wing before the feeble absorption shades off into the continuous speeteum. 


To derive the number of effective atoms in the sun’s revamng lay^ from the equivalent widths m tlci nbe .-. ^ 
tables we adopt the method of Unsold. Let us look first at the r^ults ‘ 

first 3 Balraer lines were calculated by Unsold namely. 7-50 for Ha. 0-681 for Hp ami 0- 191 for %. . W « 

the results for the higher members of the Balmer series wiU be ne^ected in the end, it is not worth whi e ca - 
culating the/' values for HS, but it has been taken as being of the carder of 0- 1. 


Taking first the values for the centre of the sun’s disc we 
, , j j:- ,. 1 . 1 »fFpetix-e absorbing atoms increase. This is be»use && ocmdttiow ot pure iWKcnng , 

(U-duesd for the numher of e principally the St.* (Seat whi* !• I!»ater the hi«h<T 

are aerioualy departed from m „ 7 ^ scatTrii are ««* »*ly in the »« of 

wo Hscend m the Balmer eenes. ^ appMeh wa caa get to the aaiaber of 

the H« Imo, and we ehaU teke I yain^omala (4). wa ohtala for tha apper limit to the nomher of 

hydrogen atoma in the --quanta • , ^ rev^'a* lavat the yalBe 18-0 x 10“ atoou per aqaare 

hydrogen atoms in the J to he no good rewam fat departing foe. 

of the sun s surface. This value r>e g I a, i’Ib., 
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I 

W now t ui n t < tli( vanatu f ^ jui valent width across tho unsdisc \Ithoiighwearetakin I i sold s 
fornn ^ for d(du mg the niiml) i ol itoms in the suns reversing r the results for the van ition i i tl 
(hsi (I n()tr(all\ miuli depend on the particular formula used but are rathe: deptndt nt on the s j 1 ump 
tion that th( <pn\alcnt width of a hne is a measure of the total number of absorbing atoms There i much 
more giound f< i ihi correctness of this assumption than there is for the assumption that absorption hues are 
f irined hi pm < sc ittiriUj^ Whatever may be the conditioiis m the sun s reversing layer causing the Fraun 
lioftr line t hi broadened beyond their so-called natural width the chief effect of their vanation in width 
acrasstlu sun di c must be the vanation in tiie nmaber of absorbmg atoms Whatever role we give to other 
causes of broadc mng in the sun s reversing layer besides that of pmre scattering this role will be played to a 
similar extent at all parts of the sun s disc Seconds^ dGfeots may dcmbtlem wise from these other causes of 
broadeninw as a result of the fact that near the Imb of mm the hues are formed at a higher effective level 
than at the centre of the nn s disc but in a tost mcaimnateoii of the prcrfblmB we wdl neglect these effects For 
tlu ]ires( n/.tlvft refort we wifit^miike no other asamEopfteoaxeifiHr^^tlK^foimakcai of absorption lines than that 
the i pu\ ah nt v idth me asures the numb^ of tdisorbing akfflis mmg TJneSld s law of scattenng merely for con 
\ enie nee not \ it alU affe cting the nature of the reai^ ehilWBed 


( om^ 1) le 1 to the ca c of th B band f oxygen hiws formed by absorptaon m the earth s atm j ph re we 
SIM that when the path through the atm i here is inclined to the icrtacal tlie effective width of the lines in 
ei V iiid the intensity at the centre of t hne decree es i the lines beexune broader and stronger In 

til a e of the sun s rexcrsing layer the in hnat n of the path f th 1 1 \ to the vertical becomes greater as 

M appi oach the sun s limb and we might ha^ e t xi i e d an eff e t nml u te th c ise of the B band had it not 

been Me 11 knoMn that the observed effect is m the ti , ositc ehr. tion It 1 i In been kiown that near the 

sun hmb the h i uinhofer lines become wider that their Mint n the ce ntmrv hte me weaker and the central 
absorption become m aker This at once shows that the me thod erf fe rm ition erf the Fraunhofer hues m the 
sun s reversing layer is dissimilar to that of the terrestrial ox^gcn hms \ httte coMideraticm will show that 
the esse ntial difference m the two cases i in the differenee m the liehaviour erf the cootmuous background In 
the ca e of the setting sun the background of continuous spectrum is the same m when the sun is overhead. 
Ihis docs not apply m th ease of inchned and vertical rsi from the photosid^thro,^ tIu sun s reversing 
layer In this ca e tli nsiU of the background .f o nfrnuom, ^ectrum is weaker at the hmb rf the sun s 
d„o than at the eentr. th. phenomenon tang knmm , the ■l.ritenmg oT t^ ta. ■ tab Tb. enm ^ tin, 

phcnonenonhatboenexplmned with nmvem.1 aee. plan., • f '7 

later and to the temperature gradient m the ,un Vs the mebntaon o< fte t»j. of conUnnons^^nim in- 

r L, tonard. the I.L of thfsnn the mteoaitt of th. eontmnon. apeta-a ««^ng m the dnta^ of the 

ere ases tOMards absorption h xprewacd m o&’T w<k*, the effective k vd of genmd 

observer becomes weaker by general aosorpciuu t 

absorption IS higher at the hmb than at the eentr eftb eUae and as aresi*cif ttefalh^^^t^gradie^ 

aDsorpiioniH nigner the Imm the dMkmiing erf 

mtlu aunth. <miw.on from the high, r l.t.l .. netar than ^t from 

thenn hmt,.,thebctov.den«w. hat. ofaftlUngt.mp,r.lmngmdtattahhe.ghtmthe«m 

,v . .u ™„„tf„rlh,r l<Kd.mL.t.b. wm.dm. »th.li»d.t.rf»l>n«tan«oo.,peet™m„ 

We may elaborate thia point further I ookin^ ar ^ to beJenr and the ca,^ 

le ok through the sun atmosphere cl wn to a e p is ^ mperatu^ tb« di^h whiA is re® 1 1 | 

tiuu us spectrum is of an intcnsitj <om rKimii^ ,r h xelthanat the cttttn the wm « disc on » u nil 

Vttt, ,.n tab .ompkt. ..p»..tw,r,a.h,d.l. .tl^ J „ Un, thn atmoapliorr rfmol 1 

ef th longer path due to the grtatei m huatioi welanw^t posnWt M* abe*«lB«»n 

al ) hluM self ti e iibserption in additun to the gen i ‘ to &ii atorrfiffla line thcrrfm the atonH w h 

.1 ,t falcotlv... b.tath,.Upth “'77,, 

0 „,h. .Ih,. hand to t . ^ ,„,«..„„d tl, . 


' the ell 1 
hinb tf flu sttn ^ 




t r\m 




bu,U W.- hav.- two opp^ing tendencies, {JJ tibewirttef 

♦ i diiiiiiiiMli thi- wiilth of the al»«orption line, and (2) the greafeer inclination of the path of light tcndii^ f<» in- 
. r< I . file widtii of the line. We Rtte from the tablett I to VII that the fwmer tendency 'slightly prt*ponderatea 
II ;i !m the efpiivalent wiflths at the limb actually less than at the t'cntre of the dise. In tlie cast* of tho 

r htii '. tor example, we see that near the sun’s limb the equivalent width is about one half of its value 
i) I Is,- 1 » ii! f t- oi the (lise. For the H & K lines of (Ja+, the effect is .smaller and we find very little ehaiige in 
tk" of width tintil very elose to th<‘ limb, for the apparent changes up to O-SB radii from the centre 

!i ivi- pniletiily no real .signiheanee. 


lli-t uniing now to the actual equivalent widths of the#ne.s in different parts of the solar dise, we see from 
trie tallies 1 to VII t liiit these widths gradually diminish towards the limb of the .sun, the diminution JK‘ing more 
ripid as (he liiub is approached. As we have stated previously, the equivalent widths found for the different • 
jt- iint s of liie solar disc are taken to be measures of the number of absorbing atoms above the photo.spluTc itt 
lie tliicdioii (>!’ oliscrvation. It follows therefore from what we have said above that wo are measuring the 
■■lii i t ndl ont\’ of t!i(‘ number of atoms lying above the le.vel of the photosphere, a level which is higher tho 
'll .n or we ajiproach to the limb, but also the effect of the increased length of path through the reversing layer 
as t he iiidi iial ion to the vertical of the direction of observation increases when we approach the limb of the snu. 
,\s Wi‘ approacli i he limb we’ have first the effect of raising the photospheric level which is mea.sured by tho limb 
darkening in the contimions spectrum, and secondly, we have the effect of the inclination of the path through 
llif reversing layer above this level. The increase of path due to its inclination to the vertical tiirough the 
I'l-versing hi\t r i.s determined by geometrical considerations in the case of a homogenous atmosphere, namely 
pnq.ort iuiuil to the cosine of the angular distance pf the point of observation from the centre of the sun’s disc, 
[■'or the actual lawcrsing layer this is not strictly accurate but in view of the present unsatisfactory state of the 
theurv ot |■orliluti^)n of absorption lines, a more accurate computation is not justified. 


'i’lie cliangc in contour of Fraunhofer lines as the limb is approached is apparently in different senses in 
(Ii tVi-rent ]>arts of the line. Hale and Adams^i have shown that the absorption in the wings is les-s at the limb 
than lit the centre of the disc, but that the core of the line is wider (apparently implying greater absorption). 
The uctual contoni s as illustrated in figures 1 to 7 do however show that at the limb the absorption is less in 
■d! p-u t of tin liiu‘ and not in the wings alone. The apparent contradiction is due. to some extent (but not 
,.ut i,vlv) to pln riolosical causes. The apparent etfect of the core being widimsl at the Umb is ,«irtly due to 
Hu. nlivdologiual insensitiveness of the eye to the feeble absorption in the wings, eansing the eye to misjudge 
Hu. u i.'lHi of tlie uore compared to thi continuous background. Nevertheless the change in eontour m different 
„u r, s of the line as the. limb is approached is net simple. The change in contour of a solar hue as the limb is 
u,M„.oaehe,l is uiarkedlv different from the change in the B band M the sun sink, lower m fc Ay The exact 

. .... ‘ unmolirated behaviour of the solar lines is not clear, but it shows that the stnicture 

inti^riireiat ion of the more eompiicatea Dcnaviuui 

of ( he r, versing layer is not so simple as that of tho earth’s atmosphere. 

(lur irg.imeui for the interpretation of our results may bo stated, in effect, as follows. The equivalent 

eul! aiguiiu nt loi rne luue i nf absorbing atoms above a eertaiu levt4 iti the hu«. 

widH, at tin, centre of the sun's disc measures the number ot absorbing atom, Thmffore 

'IM •IS- I flora Mrrsh mpasurcs the number of atoms above a higber Je^el m tm. mn. xmnjmt,, 

1 lu- c.iiavalcnt width at the hmb ^ ^ measures the number of atoms betwwn the two lewk. and 

thi. diifcrctice between these two the density of the atoms betwc*m thc^i h-«l.H. The varying 

tH,':::;:: “ rpi^CH the .versing uy. u . 10 ... for h,. .,—1 

ilt’ralioiis.. 

f- thprefore have to translate the change of eff.Mftivi? level of the 
lb ■f'.irc wo can apply tins argument we the ^ q.-tpruiincd from the corffieicut of 

sriberc as th,. Umb i s approached into actual d^pthfi_n^^ ... 

> Mini • aiul A.!ani.- 3 , A. J.. 25 - 3 ^ 0 .! 9 U 7 . 


In tlif Min Tb#> dTMliTt levil oT file pkilvMpbcfii nn ^ 

npftrtty in readM and thi* in turn dt^Nnwis on tini general albeoffiMon endl^nfi. Mtoe ** from Idi mqMwmIon 
f(fe the gMierol nlwmptton eoi^dbitf nAmelj K<*'0 SSS ^ cnimdnieil the leirdbi in the atm aa a 

funetiim of opacity Hi» rewilta hare been modified hy OuMOmieltimT^ who, by mmg a more prohaUe 
Tftitn frw the mean atomic wtii^t of tii© Mnwhtiitenta of ^ mm a idmo^[dmre ol^aiiiB tempceatnre gmdtenta 
in the nan about 40 timen nmalkr than those of MOne We dian here me the values givmi m Oiandrasekltiir k 
T able 11 

Milne s and Cbandrasekhai' s values for deirths m the mm are mnremed as a funohim ^ cqitioal ^pth 
in light of tho oonMnnous spectrum Shine has shown that Unsl^ a procedure of rasmuni^ tiie distance from 
tho centre of a hue at whidi the rwadnal intensity has rumi to half of the bmdcptmmi intend^ oorrevpiMMls 
to measming the number of absorbing atoms above an optical d^dh of t*» J Instead d these so-mdied half 
widths wo have used the eqmvalent widths We here adopt the same ^imltve < 9 tical d^tih altitoo^h our 
procedure differs slightly in that we have used eqmvalmit widths in place of tltoSlds 80>o^led half widtiis 
but the difference is not important for the results do not nmdi d^psnd on the a^ual (^oal depth chosen 
changing the adopted vidue for r from } to ^ juodnees moly cibai^ in tib> leshlts. We have tiiere- 

fore taken the effective optical depth of the photo^hm^e d 4^ points of tibe mn s dSim m tiie path to 
this optical depth beang inclined more and more to the Terticsi as wo appecach tim &nb of the sun. Themn 
mohned depths have been oonvmted mto verticaldepths from geomstooal eoamdemtems % m^ldying by the 
cosine of the angular distance from the centre of the sun 8 disc. Tfohie, WehavijrtaiBBitthefcvciof tiie |hoto- 
sphere to be at a vertical optaoal depth of cos 8 The aetmd depths m the cm eom^ombng to the 
above vmrtioal optical paths have been calculated from Chandrasekhar’s egmitcisis in a umzmeir mmHar to the 
values given in his table H Tables I to VH show that the <hmigm mthe isqid«mh^ of flw fines sfaidied 

are small and somewhat irregular untsl near tibe Smb of the sun. It was t^ndme frmid to derive 

the results from three points only on the sun s disc atfhe fdlowii^ astiHpmfrom ^ matte of the sun s disc 
measured in radii namely 0 0 86 andO 98 ThepomtatO 86 radfa gwm ms^frw* depute tim mm almost 
midway between the depths correspondu^ to the oflw two points palms the mmilts denved 

from Tables I to VII are as follows — ^ 

Tabm IX — Nttmbbb of atoms rm cm* abov* mmmm- 



»< Handb d Ashophywk IV p «!* 


ihe ohpomosphftre is negligible compared with the number in the rererelng layer, the actual proportioii for Ch+ 
being, aooording to Unsiild^*, less than 1 : 10*. • 

. Tablb X. ^Nitmbbb of atoms pm om* xtf BKvxmara LAtm. 


Number of per em* 


Heights above photosphere, 




Cm 

Cm*ih 

B 

(2'qiMatam). 

0--I36 kmi« • 


* 

• 

• 

♦ 

• 

• 

n*3 X lo* 

3*08 X 10*1 

• 13 X 10* 

0—287 kms. . 


* 

• 

• 

* 

• 

• 

0*05 X 10« 

3*40 X 10*» 

3*01 X lO* 

136 —287 kms. . 


* 

s 

» 


• 

• 

6 &5 X 10* 

2*50 X 10** 

2*01 X 10» 

0—600 kms. . 


• 

* 

s 


• 

« 

6*2 X 10* 

1*7 X 10»* 

2*0 X 10? 

287 -600 kms. . 

_ 

• 

• 

« 

« 

# 

• 

1*6 X 10* 

0*4 X 10** 

0*2 X 10* 


It should ba noted that the equivalent widths which we have found for the H and K Muet ei Oh+ are not 
exactly proportional to the square roots of their oscillatory strengths, as found by Uns&Mfor th^ foyi' widths. 
Inij ii. Unsold, Struve and Elvey” have shown that the ratio of the equivalent widths of ^ H luid K lines 
would bd V ^ scattering, 2 for the case of Doppler broalining alone, and i-*! in the tramitimEi re^<Hi, 

so that tho ratio of thoir equivalent widths may be anything between 1 and 2. We actuaOy find that equi> 
valent vvidth-s of t!ie H and K lines are in the ratio 1-2, the ratio remaining practically constant across the whole 
disc. Consequently the number of atoms deduced for the two lines from formula (4) do mot agree but are in. 
theratio l’2''l*4l4 = 0-85. It is therefore sufficiently accurate for our present purpose to take ttte aa^n valtm 
for the two lines as the number of Oa+ atoms in the ground state. 

It is well known tliat Saha’s theory of ionisation enables the elaotron pressura to be calculated from the 
ratio of ionised to neutral atoms. The equation is in the usual notation, where x is the fraction of iomsed 
atoms of any element, 

- ““-i-+ilogT-6-49-logP^+flog.^ + logJ+log*»l. 

It seems clear that for T, the effective temperature, we should for our purpose Wee the effisolivo temp^a- 
ture of the radiation from the centre of the sun’s disc, and not from the disc as a whole. This tmuperature we 
have taken as 6070°, and for Tx we have taken, from Chandrasekhar’s tabl^, the meM tmp<watere between 

thelevds considered. For oalmum, 1=6*09, =2 and 'we have from the r^ults in Table X, the fedlow- 

i> 

ing values for . the ratio of ionised to neutral oaldum atoms, giving the accompanying vali^ of ^ eleofrou 
pressure : — 


Tabbb XI.— Ionisation of Caloitjm in thb Bbvbbsino I*aykb 


Heiglxts above photosphere. 

0 — 136 kms. 

136—287 kms. 


WWe rmrmmmg 
layer* 

»Ki— *) 

Election pressure in atmosphenes 

3*29 X 30* 

2*4 X lO”* 

3*63 X 10* 

1-7 X 10"* 

3*40 X 10* 
i 1*9 X icT* 

3'2i X 10» 

2*1 X lO"* 


At i^tm iNr iramiMir 

'obtauung 1^ total number of oaloniiii atcMt 
atoms pOT 0 0 at difiiarent levolp 

TabijIi Xn — ^NmiBKB OF HBimuli AM30t 



Bieighta atnve photoaplDnia 


Number of atoms per em* 


Ibtal luunbw of ea^itea atoiaa|Mt om* 


iPutial pTOBBiffle dm to etdc^am a*<iM 


HaviJig dei^rmtes 4 ^ tM 
fraotaon. ai tlia xmaabtfr of 4 
total gas pt^ssffiBa Oar 


and it 18 Ite lattar 


* * . 


miamm mm- im-m 


j^i,y f V »*'' IT ^5 j 1 





OQU^totoi a Imown 


TiT. ^>El 

iHmj3 1 



m a posiaQit to doteriBina 


and 

of aU tft# nmndteit loji i wfe A <«wiwM«i | f to itmawii, iJi 

li^ to idbataftO til pi» eai^ 
atoms |Mr e. 0. 


^ tlsiiUt ;l^ ^ mi% 


?!8Ti» fi]i ’I in 


iPQX.«*w09<y| 


ll^u4ial piMmiin of Ciii (djfmaiHM#) 
Total tsw | w a a «ai » f#to> aeo^} 


mg lays* lliey ace lM^g^ertoa«CI«miwa«Mi•^• Tito*"' »«»»•*■ 

Takii]^ CSiaiidraiieicbm’a vataes foe tb» gaa |*0#PW®**' ^ lltoi 
pressure of the n altunm at/ifiMi, ■aredbdpoetiiattiiei^wyrliciiaof 
mg laver js 0 6 per c^ot oS the total smober of atoto praatto atoto 

IVe adoiowiedge our ludebtwiiieaa to tbs CftawfvatOry 

to form an mage the sun for this reseacoh and to W&r C P 8. Ms 
of tke work ’which he had to leave ffltt takmg up an appointment 


1 KxiawU A J 70 11 1929 said A J 7fi«»7199 S 
Kodaxkaita]:/ Obsebvatort 
23t1i A ovember 1936 











jpwtsai 

twete 
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BULLETIN No. CX. 

% 

SUMMARY OF PROMINENCE OBSERVATIONS FOR THE SECOND HALF 

OF THE YEAR 1935. 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the Inter- 
national Astronomical Union, all observatories taking spectroheUograms of the sun have been asked to co-operate 
with the Kodaikanal Observatory by supplying copies of their photographs for those days when the Kodadkanal 
records are imperfect or wanting. In response to our requirements for the second-half of the year 1935, the 
Mount Wilson Observatory supplied calcium prominence plates for 54 days and H oc disc plates for 43 days, 

the Meudon Observatory supplied calcium (Kg) disc plates for 8 days and H a disc plates for 36 days and the 
Ewhurst Observatory (Mr. J. Evershed’s) supplied H a prominence plates for 4 days and H a disc plate for 
6 days. 

Wben only incomplete or imperfect photographs for any day are available from more than one observatory 
the best photograph is chosen as representing the solar activity of that day, after weighing it according to its 
quality, and the remaining photographs are ignored. 

Calcium Prominences at the Limb. -^The mean daily areas and numbers of prominences phot(^aphed during 
the half-year by means of the K line of calcium are given below. The means are corrected for incoinplete or 
imperfect observations, the total of 173 days for which plates were available being reduced to 145 ^feetive days. 


North 

South 


Tot€^ 


Mean daily areas 

Mean dody 

(square minutes). 

numbeiTS. 

2*65 

6-72 

2*70 

6-8^ 

6-36 

13*S7 


Compared with the previous half-year, areas show an increase of 19, pw cent, numbers remMning almost tfie 
same. The increase in areas is considerably more in the northern hemisph^^e than in the southern. . 

For comparison with bulletins issued prior to the co-operation of 'other observa^es 1^ 

Kodaikanal photographs alone are also given, 126 days of observation being counted as J 


North (Kodaikanal photogri 
South ( do. 




The distribution of pj 
gives the mean daily areas and i 


with the previous _ . 

f'f 








V' 





■ 

- .'-v- ■ >;■ i'.; 

:.4 'i'i 
' : v!" s-;; 

'r;‘ 'v;7 

itiiiiil 


;; /ill!; , '■ / 



aouthern hemisphere the zone of maximum activity has advauced 5° towards the pole and there is reduced aotivlty 
in the zones 10°-16“ and 40°-46°. 

Si 



The monthly, quarterly and half-yearly areas and numbers and the mean height and the mean extent of the 
prominences on photographs from all co-operating observatories are given in Table I. The unit of area is 1 
square minute of arc. The mean height is derived by adding together the greatest heights reached by individual 
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prominences and dividing by the total number of prominences observed, and the mean extent is derived by adding 
together the lengths of the base on the chromosphere of individual prominences and dividing by the total number 
of prominences. 


Table I. — ^Abstoaot fob the second half of 1935, 


Months. 

Number 
of days 
(effective). 

Areas. 

Numbers, 

Daily i 

Areas. 

neans. 

Numbers. 

Mean 

height. 

Mean 

extent. 

1936. 







o 

July .... 

23i 

108-8 

294 

4-6 

12-5 

39-8 

6-65 

August .... 

24 

117-6 

321 

4-9 

13-4 

38-3 

6-79 

September 

27 

166-6 

363 

6-2 

13-1 

40*3 

6-08 

October .... 

24i 

101-6 

372 

4-1 

16*2 

38-7 

4*76 

November 

m 

137-7 

322 

6-1 

14-3 

38-0 

6-12 

December 

m 

142-8 

301 

6*1 

12-8 

41-7 

7*39 

Third quarter . 

74i 

392-8 

968 

6-3 

13-0 

39-6 

5-85 

Fourth quarter . . 

70i 

382-0 

995 

6-4 

14-1 

39-4 

6-00 

Second half-year 

146 

774-8 

1,963 

6-3 

13-6 

• 

1 39-6 

6-93 


■I 

I 

■I 



i 







f , ' 

i 7 


Distribviiou East dud West of the Sun s Axis* 


Both areas and numbers show a defect at the ea^t limb, that in areas being more marked, as will be seen &om 
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Metallic Prominences, 

Thircoen metallic prominences were observed during the half-year and their details are given below : 

Table II. — List of Metallio PROMiKEisroES. July to Deoembeb 1935 . 


Bate, 

Time 

I. S. T. 

Base. 

Latitude. 

Limb. 

Height. 

Lines. 

(See note at end of table). 

North. 

South. 



H, M 

. 

0 

0 

0 


u 


1935. 










July 






mi 




August 

30 

9 

45 

3 

.. 

33 

W 

15 

4 and 10 . 

September 

27 

9 

17 

3 

25*5 


W 

20 

4 and 10. 

October 

22 

9 

27 

2 


19 

W 

10 

4 and 10, 

November 

3 

9 

05 

2 


32 

E 

10 

4 and 10. 


29 

9 

08 

5 


19-5 

W 

1 

15 

4 and 10. 

December 

4: 

10 

53 

1 

.. 

24- 6 

E 

15 

1, 3, 4, 6 , 7, 8 , 10 and 12. 


8 

10 

22 

5 


27*5 

W 

20 

1, 3, 4, 6 , 9, 10, 11 and 12. 


9 

9 

36 

4 


28 

W 

26 

1, 3, 4, 5, 9, 10, 11 and 12. 

, 

10 

8 

38 


*• 

27 

w 

20 

1, 2, 3, 4, 5, 7, 9 and 10. 


11 

10 

43 

- 

.. 

28 

w 

16 

1 , 2, 3, 4, 6 , 7, 8 , 9, 10, 11 and 12. 



10 

46 

1 


26‘5 

w 

10 

1, 2, 3, 4, 6 , 7, 8 , 9, 10, 11 and 12. 


23 

10 

18 

3 


22*5 

E 

20 

1, 2, 4, 9, 10, 11 and 12. 


30 

10 

40 

3 


30-5 

E 

10 

4, 8 , 10, 11 and 12. 


Note. — ^T he key to the wave-lengths of metallic lines is as follows : 


No. 

X 

Elements 

No. 

X 

Element. 

1 

4924*1 

Ee-h 

7 

5276*2 

Ee-I- 

2 

6010*0 

He 

8 

5316*8 

Ee + 






# 

3 

5018 -6 

Ee 

9 

5363*0 • 

Ee + 

4 

b*). h8, bg, bj 

Mg, Fe+ 

10 

B2,Di 

Na 

6 

6234*8 

Ee 

11 

6677 

He 

6 

6276*0 

Or 

12 

7066 

He- 


The distribution of metallic prominences was as follows ^ 


■. fl4! *il6 sK T.. 1 , ^ 4 . { 

mm 


21“— 30°. 

3l°— 40°. 

Mean latitude. 

Extreme latitudes. 




.... 

, ... 1 , „ 



26®*6 

26°-5 


vyS| 

*,.*. , ; 

2 

8 

2 

26°*4 

19°-0 aad 83° -0. . 


f on the east liinb and ipne on the 'vfest Ijraby 
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Displacements of the Hydrogen Line. 

Particulars of displacements observed in the chromosphere and prominences with the spectroscope are given 
in the following table : — 


Table III. — Displacements of the Hydbogen Line. July to Dbcembbe 1935 . 


Date. 

Hour 

I.S.T. 

Latitude. 

Limb. 

Displacement. 

North. 

South. 

Bed. 

Violet. 

Both 

ways. 



H. 

M. 

0 

o 


A. 

A. 

A. 

1936. 










July 

18 

10 

40 


40 

W 

1*5 




20 

10 

62 


20 

W 

1 




23 

9 

23 


39*6 

E 

Slight 



August 

3 

11 

69 


22 

W 


SUght 



23 

8 

35 

2 


w 


Slight 


28 

9 

36 

16 


w 


SUght 


30 

10 

10 


35 

w 

Slight 




9 

46 


33 

w 

0*6 

0-6 


September 

13 

9 

16 

00 


E 


0*6 




9 

2 


18 

w 


Slight 




9 

2 


16 

w 

Slight 




19 

9 

00 

61 


E 

Slight 





9 

6 

27-6 


B 


1*5 




9 

24 


67*6 

‘e 

1*6 




20 

9 

32 

36-6 


w 


Slight 



21 

9 

53 

68 


B 


1 



22 

9 

16 

34- 5 


E ■ 


0*6 1 




9 

4 

12 


W 

2 





9 

2 

31*6 


w 

1*6 

, 




23 

9 

16 

32*6 


E 


1 




9 

21 


44*6 

E 

0*5 





9 

3 

.26-6 


, W 

,.lt .| 




24 

9 

27 


7*6 

B . ■ 

Slight 

SUght 




9 

15 

8 


W 





9 

8 

22*5 


W 

' 1 

1*6 



26 

9 

20 

66 



1 





9 

05 

21'6 


^ w 

0*5 





9 

00 

; 69 


w 

SUght 




28 

8 

9 

68 

27 

61 

33*6 

E 

W 

Slight 

0-6 





Bemarks. 


At top ; extends over 4® 

—38® to— 42®. 

At top. 

At base; extends over 3® firom 
—38® to . 


At top. 

In cbromosphere. 

Do. 

At base. 

To red at top and to violet at 
extends over 3® from 
31-5® to— 34- 6®. 


At top ; extends over 3® from 
+27® to +30®. 

At base. 

At top. 

In cbxomospbere. 

At top ; extends over 3® frcmt 
+26® to +29®. 

At top; extends ov^ 4® from 
— 66-6® to — 69- 6®i 
in chromospbere. 

At top. 

At top ; extends over 2® from 
+33-5® to +35-6®. , 

At top ; eorimds over 2® from 
+ 11® to +13®. 

Atbase, 


At top offloalang promin^aoe; 
esctends over 2® mm +31*5® 
to +33*6®* 

At base. 

At top ; extends ovwr 6® from 
+24® to +29®. 

Atto|i» 

; Da-''-* 

Atbaae. 

At middle of prommeaM^ ; extenos 
over 3" fawn +S0" to +*3". 

fa (dtromoe^ere. 

At t op . 

Do. 







Latitude. 


Displacement. 


North. South. 

Limb. 

f 

1 Both 

1 nrCl-TTCi 

Bemarks. 



October 


6 9 

21 9 

22 9 

20 9 


November 1 10 

3 8 


9 9 

10 

19 9 


27 . 9 

9 

9 

28 9 
9 

29 9 

30 11 
11 


December 2 9 

9 


8 

11 10 . 
11 

14 10 

23 10 

.30 10 


18 72 

25 
27 
38 

00 19 


29 

68 

68 

66 

36 80 

34 31 

32 23 


42 21 

12 67 


38 

41 

46 

11 

11 

29 

03 68 

05 83 

22 

17 68-6 

24 7 

19 

38 86 

39 23 
32 


30 85 

43 

9 50 

26 13 


At base. 

At tojf ; extends over 3° from 
— 63 -6° to 66 — 6®. 

In chromosphere. 

At base. 

At top. 

Do. 

Over the whole detached pro- 
minence. 

At base. 

At top. 

At base. 

At top. 

Do. 

Do. 

Do. 

At top ; extends over 2° from 
--15° to —17°, 

At top. 

Do. 

At top ; extends over 2° from 
—26° to —28°. 

At base ; extends over 2° from 
—50° to —62°. 

At base; extends over 3° from 
—29° to —32°, 

At top. 

Over the whole prominence. 

At base. 

At top. 

Do. 

At base. 

In chromosphere. 

At top. 

At base. 

At top. 

In the middle of prominence. 

At top. 

At base. 

Do. 

In chromosphere. 

At top. 

Do. 

Do. 

At top ; extends over 2° from 
—31° to —33°. 

At base. I 

Xo red ^t top and i to violet at 
base. I ! 

At top ; : extends over 2° from 
—25° to —27°. , 

At top ; extends over 4° from 
—18° to —22°.- ; 

In chromosphere. 

! At top. 

Do. ; 

At base ; extends over 2° from 
—.12° to —14°. 

At top ; extends over 7° from 
^90 to —16°. 

At base ; extends over 3° from 
—29° to .^32°. 

At base. 


E 


2 







4d3 

as foUoTO'^— was 83 as against 91 in the previous half-year and their distribution Was 



31o_60° ..... .... 

61 °~- 90 ° ! ’ * ‘ ‘ 


Total 


Bast limb 
West limb 


North. 

South. 

15 

29 

7 

18 

12 

2 

— 



34 

49 

— 

— 

. 

34 

. 

49 

Total 

83 


Of these displacements, 43 were towards the red, 37 towards the violet and 3 both ways simultaneously. 

Reversals and displacements on the JSun^s disc. 

One hundred and ninety six bright reversals of the Ha hne, 164 dark reversals of the D3 line and 14 (Ms- 
placements of the Ha lino were observed with the spectroscope during the half-year. Ttw'r distribution is given 
below : — 



North- 

South, 

Bast. 

West. 

.Bright revoTBals of Ha 

87 

109 

91 

105 

Dark reversals of D 3 

70 

94 

75 

89 

Displacements of Ha 

. . 3 

11 

8 

6 


i^even displacements were towards the red, two towards the violet and five both ways simultaneously. 
The Hale spectroholioscopo has been used daily (except on Sundays and holidays) for the observation in the 
light of the Ha lino of changing phenomena and of displacements which cannot readily be photographed. The 
hours allotted by the International Astronomical Union to this observatory for spectrohelioscope observations 
are 2-30 to 3-00, 4-00 to 4-30, 5-30 to 6-00 and 6-30 to 7-00 G. M. T. or 8-00 to 8-30, 9-30 to 10-00, 11-00 to 11-30 
and 12-00 to 12-30 I. S. T. but observations are continued at other times in oases where interesting devdopments 
are likely to occur. A summary of the observations made during 1935 are given below. 





East limb. West limb. 

Tot^. 

Displacements iii prominences 


North. South. 

20 

23 

43 


East. 

West. 

Total. 

Displacements in Ha dark markings 

• 

42 89 

59 

72 

131 

Displacements in Ha bright flooouli 

, 

6 8 

8 

6 

14 



Displacements towards 

TotO. 



Red. 

Violet. 

Both ways. 

Prominences * . . . . 

. 

26 

17 

1 

43 

Ha dark markings . . 


. . 78 

53 

-• 

131 

Ha bright fiooculi .... 

• 

8 

6 

.. 

14 


Prominences projected on the Disc as Absorption Marhings, ^ 

Photographs of the sun’s disc in Ha light were available fromKodaikanal and the co-operalai:^ ol^ervatoii^ 
for a total of 175 days which were counted as 160 effective days. The mean daily areas of Ha ahsorpflan mark- 
iugs (corrected for foreshortening) in millionths of the sun’s visible hemisphere and thdr mean diuly numlws 
are given below : — 


Mean daily 


North 

South 


Total 


2079 

3415 

5494 


Mean daily 
uunibciira* 
12^70 
14-97 

27-73 


The above show an increase of 58 per cent in areas (the increase in'lhe northern hemisphere bang 117 per 

cent), and 43 per cent in numbers, compared with tl^e previous half-year. ^ i, 

For comparison with bulletins issued prior to the co-operation of other observatories the b^ on 

Kodaikanal photographs alone are also given. 102 days of observation being reduced to 94 days: 


North (Kodaikanal Photographs only ) 
South ( do. ) 



Mean daily 

Mean daily 


areas. 

mxmb&xs* 


2383 

13*80 


3661 

16-88 






Total 

5934 

20- 6i 
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A PROGRESbfVE CHANGE IN THE INCLINATION OF HYDROGFN 
DARK MARKINGS TO THE MERIDIAN OF THE SDN 

BY 

1 Royds ^nd M Salabxtddin 


STJMMABY 

The nclmat on of hj drogen dark m 1 ng to the a la m d an has been measux d at eaci ucc s ve otat n of the 
fo wh h the ma k ig nay e dure The study mpnses all au table dark maxfcmgs m th years 1923—1933 e f a 
onplet 11 year y le a recorded m tie Meudon cha t It s found that th polar end f a da k ma king drifts m 
dnoe a te lyoftleeiuatonalend t a h su cess e otat n f the sun the average hange f n linat on of a da k mark 
gn e otatonoftle un am unt gt 0 47frtl change m the o tang nt of the angle whi h the daA ma kmg m kes 
V th a par 11 1 of latitude 

The nly ad i t evplanat on fo tl p ogress e change f 

The an unt t be expected f om this theory is 0 51 a d 
g n t sfa t ry agreeme t 

lag s rega tied as be ng ad quately explam d by the j la re tardat <m t se ms p ob bl that 
1 ( w th the polar Mid note a d more to tie t 1 1 mcrease of lat tude m the sun a 

f 1 Bod kanalOb at ry B U t n 3S 63) are also I e to the pola retardation In this case w are dn n to a. ume 
th t e ne alh u 1 ghe 1 1 1 ies the solar d turbanee n wh ch the hydrogen marking origifaates has already been m axis 

te esm cons de abl t n o 1 fo tl e dark nm kmg appears on the surface of the sun the only ahernat e to this hjiio 
cmstobetlattl s so onst t te I that the f rmat on f darir maikmgs m du^tion otbe than those pref rred 


1 

te f th s rotat n 
i h e g I 1 a b 

Sm tl I og 
th lel nat o t 

Kod kanal Ob 


Imat on is that it h due to the polaor reta d t n f tl 
pa d w th the abo e alu of 0 47 


th 


(a 1 ng t ot 


t ) Iff ult 


T„ .n a Obsc.- .ton BiilUtm No 63> it wa. * 0,0 that htdtogea darh martags do not he artatra 

nn Lnted on the surfne of the »,m hut have a tendencj to ta wtth theu polar code to the 

oneute . nation touards the east aanee u.lh latitude It was mgge ted that the 

«|,utonal luds , „vu«.d hj the polar retardation of the eun . rotation u huh 

( teth drift of till 1 I , to the east of the loner latitude If the polar retardant n 

iiultcsihc ft,,,, „,UnationofhltlrOf!en dark markings to the e«rt it Wlous tint 

of the sun a rofftion w tin s ^„fli„,n,u long for the ohuiraed inelm ition to the esrt to <U lelop iiid 

tlu ay of the ilirk m iAml, tefennd that the time reqiured for the tUrk markuig. to develop t .e 

ituispomtal out in mm h ftreater thin the observed ages of the marumga 

,1 crvtd intimation mvestigste suolher possible effett of ,«,lar mtarlat.ou on la a 

Tt IS the purpose of the !« >« ^^terlv mtlmanons of dark , r 

m Iikmi. If the H'''' no,„hm, rfthe sim th. essterlv mtl.usl.on of snv dark nuirkm 

m s It 18 to be expt< ti d that at ea I „mount An example of this is illustrated m KoAia 1 1 U 

Ml ich persists should ^^^^gTnd 3 which show the change m inclination of a dark marking cuter 

Ohseryatory Bulletin mf]vfrom40 tetween ft e mendim and the marking to oo 

one comiilctc rotation of the ^ m^kmirs a wnod exUndmg over a complete 11 i le 

In order to studj a j be«me am, uahk throu gh the fatih.ies sShried hv .lull in. 

has been take n i® ^ __ — . — - — - — — - . + „ \.o *3 « 289 


TT^oveJs K daik nol Ob ervatorv Bull t n No ^ P 2*50 
( ) Boyds K la kaual Observatory B diet n No 89 
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0f 4ttf( tif tbe Hswtoti IMm* «tth tl« awiitoam «€ §ma^ &mi tlw 

IWtai^miitoiNfdi .Jk^MOMoi^ Utda». CNi time dbaiH tito 4ark lute pivM«te4 for Mkrii roli^fora at tli« 

mm', m titei it btemnm » fmetMUb p^opoidtlan to ate% Irmn tfom fbe indfost'tmw Of pmMenl aMkridmP* ol- 



mmeMrfve roliiAioii eC tim wm fora pa^od. The meftod adofled baa been to kj a trwwipiwiit protrartor 
€«w tb« clusrbi and to rwMl off the in^fnatioiM of those darik mmbicpi «hi^ Iwst for a eotnptei* roMtei or Bi«we. 
A iepumle nmmoe wa« made for etch atone of l(f of ktitode over wMch • daric laarfciBg w%bt the 

nmtiltod of r^^toietttation of the mm in Mermdm^s polex^Mm in the Kodma chm^ does not aJfeot the inelint* 
timw In the mm wWch aie meteured in ttiis way. tTw^ maAinp with inoliiwtifflM to the naeridkn* giwater 
thmi TO* hafW been n^Oected beoense the irf the incHnatiorw, whi^ (as will b© seen later) k the &<*!««■ 

to be eto^tted, then inmeesoi so rapidly that any inaccurai^ in the ineMuremont of the indinatitm* (or rather 
mnatt fcj»gnkrities in the ttMtoattons) beconaes of considerable effect. This elimination has abo had the effect 
of eottStdng the latitudes studied to those between ±40% for the dark marking* in h^er latitudes are almost 
inrarifihly nearly pwraM to the equator. 

In ^ w&ft w® ha-re measured «ie inelinaticms of all suitable dark markings in the ymn from 1923 to 1933 
I ncludve. AH markings lasting for one rotation or more have, as far m poesihlo, hem measured, Imt some mark, 
togs are too irregular in shape to have a definite drection assignetl to them. In aU, 66 dark markmgs have been 
moasured, yielding 267 values of the change of inclination after one <‘omplete rc^tion of the sun. A progressive- 
Iv £treator itieliuation w'itli each rotation of the sun is dearly seen in the nuij<mty of markings (see, for exampb, 

Kcdaika..! Ob«vat-,,v BulleUn No. «l:v»<^v ref««d to, to tou»l,y th™ ar, 
many irrogiaarities in different markings. Occasionally it happen.H that the incUnafcion of a marking may, at 
a certain rotation, have made a sudden jump (backwards or forwards) compared with the normal tenancy. 
Such jumps have been neglected whenever the life of the dark marking Im been interrupted between the sueere- 
8ive rotations as recorded on the Meudon charts. Naturally intemiptions may, without our H&wMge imve 
ocewred whilst on the side of sun turned away from the earth. Such possilaUties cannot be taken into aceonm. 

In a study of this character where the quantity to be measured is subject to niiiny irregnlaritiei, if not 

«»ptio™ to tuo goneral rule, it i. deriraWe to avoid, aa far aa politic. p;ai»di^ d* .o idea, 

of what goneral behaviour should be expected. lu order to avoid auy such buwaed ju^meut all ma^meu., 
of Inoliukom were made and completed before couaidering whether they were iu ace.^» wtth the efttw of 
the solar rotation on the variation of the inclination of marltmga wMi eat* succerare rotMion. But for a lop. 
cal presentation of the treatment of the data which has been adopted in this bultetm. it is necw^- to dmetm 
feata"oftJ^:rtotion. Aceording «, d’A»mbuia. the ap«l of rotoou of hydropu, dark marto,. 

varies with latitude according to the following law , 

^ 1®*60' sin*'0 

where § k aD|E«kr per mdatiai day, Tte of 

^ "f'd.tioo “f "*■**« “ 

• l.eandS'Mng 

g ygy uMBiate i on tbe fhart*. 

^ to wit he 

mm'0* 


(») d'Aaambujai Cartes 

it is t3to tangent of the in^hnatwm » w 


* ^ xr^A T Fasc. 1. 1934. 

(*) d’A^ambuJa, Carte synopteqnes, Voi. A. 


Omwqiv ntlv ^ ^ correlate the iMX>greinTe duu^ in tlie Inohnation of ti» mariki^ wUk tibe eibel 

of pol if n tanktioa we have to study the change m the cotangent of the indtnalton of tiie niariang An exam 
pif H given b low — 


Iabi e I —Example of Mabkino No 3246 et «ey LATHtruB 20 — 30“N 


Kutatiou N ) 

966 

967 

968 


970 


Jnehmtion 

60 

60 

47 

42® 

3JP* 

IHQI 

Cot 0 

677 

1 

839 

1 

932 

1 111 

i 

|n|n 

iumi^ 


Chang© m CotO 


262 


ODta 


m 


489 


450 


The mean value of the change in cot0 for this marking is 0 29o but the mean for all marioogs m latitude 

iQ 30 ig 0 j 08 g,g gcen in table II and the value to be expected from d Azambuja s law of solar rotation 

for latitude 2o is 0 <j83 


A summary of all our results is given below m Table II 


Table II — Average Change in the cotangent of the angle of inounatiov to a paeallEI. of la-httob 

FOB ONE SOLAR ROTATION 


I at tudo 

o 

PH 

1 

o 

! 

o 

20 — 30* 

, r rr- j 

30*-hK>* 

A ago oh g n C tQ 

0 424 

0 364 

0 508 

0 691 

No of na 1 g 

3 

79 

108 

47 

Ave g 1 ng f lllatt 1 s 0 — 40 

I 0 471 


Th. c^a,^ge of cot 6 for one rototroa of tho for ^ 

40 m the vear, 1933 to 1033 rs 0 471 Therr 

would give for this htitude the \ alue 0 539 which is m agr 1§ 

retardation would gi\e the value 0 471 ^^rdatnm of rotation m a iiu®c»ntiy 

We are therefore led to the conclusion tha e of dark to the solar mendmn. Ihm 

complete explanation of the progressive change m t ein im of^^jOinatiCHi with tins® due to tk> pelar 

conclusion strengthens the supposition that not only is e ® attobutal^ to the same emK If dtek 

retardation but also the inclinations themseh es as oun ^ e avm»ge mcfanafaCKi to a |wredfel of towA !» 
marbngs were oriented with equal frequency m all dureo ons lx» 90 uortihMU and 

the procedure adopted in this and in previous Obs^atory Bultetm No 63 tfai^ tl» avw«t 

hemispheres taken separately It was found in 1013^ injailatetw^'««thaie»rpoi« *i» 

inclination of dark markings m the period January ime obtaan !»<»» acottrat© valret a |>«od 

east of their equatorial end the amount varying with latitu e ^ ^ off bv WOtaMto mam 

now been token namely 1928 to 1930 and toe No 83 Th/Mlomag am-t*. 

to the apprcimate proced»« adopted m Kodatkanal Obeerratorv BoU 

Values have been obtained 

















These values are consistent with those found in the previous bulletin, taking into account th® le^ amnate 
procedure there adopted which has the greatest effect in high latitudes. It was then pcdnted out that If thm 
inclinations were caused by the polar retardation, a supposition which is strengthened by the progressiTO diange 
found in the present btilletin, it necessitated a certain age of the markings in order to allow the observed 
tion sufficient time to develop, and it ?yas shown that the ages so deduced^ increased with laMtudb mo re rapiffiy 
than the actual dxirations of dark markings (although it is difficult, from the nature of the case, to the 

duration of markings with any accuracy). Now it is to be noted that, at any rate in the liighAr latitodei, the mark- 
ings already present an eastward position of their polar ends when the markings firet appear. jn 

high latitudes, they almost invariably lie along a parallel of latitude at their first appearance and do not gradual- 
ly develop into this orientation. If their inclinations are due to the polar retardaticm, a view wM^ is sti^g- 
thened by the evidence in this bulletin, it follows that the retardation must have been operating (at least for hl^ 
latitudes) before the dark marking appears at the surface of the sun, t.e., the marking is already did wbrni it fln^ 
appears at the solar surface, and the origin of the dark marking naust have been in existence some cosMderaMe 
time before its appearance at the surface with a large inclination to the meridian of tije sun. It is therefdwe to 
be supposed that the solo,r disturbance in which the dark marking originates is operating below the surfete of 
the SUB before the marking comes up to the surface for a period which is greater in higher latitudes. IberB 
is one alternative to this supposition, namely, that the sun is so constituted that dark markmgs, instead of beiisg 
originally distributed arbitrarily in any direction, are difficult of formation except in the preferred directicai in 
which they are observed to lie on the surface of the sun at their first appearance. 

Wo must irot fail to mention two considerations which are, at first sight, unfavourable to the view that the 
progressive change of inclination is solely due to the polar retardation of the srm’s rotati®. The progressive 
change might have lu'cn investigated by comparing the average inclination of all markmgs at their first appear- 
ance on the shn ■with all markings at each successive appearance. If this is d®e, the e'ridence is ntrt quite 
clearly favourable to tlie hypothesis. As will be seen from the following table there is a progressive change only 
for the first few rotation.'^ and no regular change thereafter. 


Table IV.— Inclinatiok oe all Dark Markings cLAsgiraED as enduring more than one 

ROTATION. 


Bo tat ion. 

1st 

$nd 

Srd 

4th 

5tli .> 

eth 

Ith 1 

8th 

m 

btolination to parallel of latitude . 


62^ 

5r 

41*^ 

44 

49^ 

39® 


nv 


, (») Kodaikanal Observatory Bulletion No. 63. The ages were deduced taldng the polar ^^^ardatwn in t 

hyw. If d'Azambuja’s rate of polar retardation for dark markings is taken, the ages deduced are still greater 


me 


\l»p ireiif ly tJ)c r ison for the failure of the mclmaticai ta decrease after a few rotations is that when aH 
fa ii oil m oiiKH f j( < the numbir of new births, in the same longitude asa prenous marking owbaJances 
s, 1 f I K IS tlH OKU 1 of rotation nier oases) the effeet which is found by considering onli mdiTidual dark mark 
‘ “ y lontiimed uninterrupted And fceeondljr we have the fact seen from Table V 

(h ( illh u.ht H ‘^‘‘■iit.t'ibsuflieienth neirthe^alueexpectedfromtherateofpokrretardaticmofthe 

im I It it urn t K Mil ition w ith 1 ititude i& not so near the expected variation This is evident m the follow 


TablI. V ^VaBIATION OJ rhOGEESSlVB CBAEGB w rmr LAlEErDOB 


Mean latitude 

5 

IB 

w 

36 

A 1 a {\ xn [ lie XI) 

0 424 

0 364 

0 ms 

0 mi 

Change accordi ig t la \ f polar retardation 

0 m 

0 381 

Q 663 

0 flB 


Naturally the expected variation depends on the law of solar fotatum adopted. It is not a ir®cy ®mpfe 
mattei to doti imiiit the 1 iw of rotation of dark markings partly on aeeoimt thear h «ing ofteo extended over 
I wide ind \ iijin^ r 111^,1 of sol ir lonf,itude In ourprooednxe wehave simply adojfed dAtambujas law at 
th( best a\ iilabk tut uid one which has been determmed (pntedistmetly apart frtsn ltd smtala®^ to any 
pi econceptiou of what would suit any partioular theory 


Kodaxkaisal Obsfe^aiobv 
11th February Wi( 
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BULLETIN No. CXII. j I ^ ‘ 


SII]\IMARY OF PROMINENCE OBSERVATIONS FOR THE FIRST 

HALF OF THE YEAR 1936. 


In pursuance of the programme of work adopted since 1st January 1923 under the auspices of the Interna- 
tional Astronomical Union all observatories taking spectroheliograms of Ike sun have been agked to oo-operate 
with the Kodaikanal Observatory by supplying copies of their jhotographs for the days when the.Kodaikanal 
records are imperfect or wanting. In response to our requirements for the first half of the year 1936, the Mount 
Wilson Observatory supplied Calcium (K 232 ) prominence plates for 18 days and Ha disc plates fea? 10 days, the 
Meudon Observatory supplied Calcium (Kg) disc plates for 6 days and Ha disc plates for 18 days, the Ewhurst 
Observatory (Mr. J. Evershed’s) supplied Ha prominence plates for 2 days and Ha disc ^tes for 3 days and 
the Solar Physics Observatory, Cambridge, supplied Calcium prominence plates fcnr 4 days. 

When only incomplete or imperfect photographs for any day are available fi»m more than cme observatory, 
the hest photograph is chosen as representing the solar activity of that day, after we^htmg it according to its 
quality, and the remaining photographs are ignored. 


Calcium Prominences at the Limb.— The mean daily areas and numbers of piominraioes ^otcgraphed dpring 
the half-year by means of the K line of Calcium are given below. The means are eocceeted for mcomplete or 
imperfect observations the total of 181 days for which plates were availaWe being reduced to 164 effective dayu. 


North 

South 


Mean daily 

afeas (a^^uave Mean daily 
mintites). uumbere. 

. . . 3-35 e*95 

3-57 7-09 

Tot^ . . 5*98 14*04 


«L 


Compared with the previous half-year, areas show au increase of 29 ceut aad numb^ an of 

3 per cent* The increase in areas is slightly more in the southern hemisphere than m the north^OTi, 

For comparison with bulletins issued prior tq the co-operation of other observatories the means based on 
Kodaikanal photographs alone are also given, 169 days of observation being counted as 149 effective days* 

Mean daily 

areas (square Mean daily 
minutes)* numbers. 

. • . * , . * 3*43 e*91 

■ . . . . 3*57 7*04 


Korth (Kodaikanal photographs only) 
South ( do* ) 


Total 


7*00 


13*95 


Tbp diat]ribution of prominences in latitude is represented in the following diagram, in whiob the full line 
giyes the mean daily areas and the broken line the mean daily numbers for each zone of 6° of latitude. The 
ordiwutes represent tenths of a square minute of arc for the full line and numbers for the broken line. Compared 
with the previous half year, the zone of maximum activity has advanoed 10“ toward® the pole in the northem 

(413) 

Price annas 14 or Is. 6d, 


f ^ 

bemisphere and only 6“ in the southern. In the sontbeom hemispihMe tiio ^^tz^raiioit in areas M more nnifoTO 
than in the previous half-year, * 



The .mmthly. ,««terly .nd hrf.y«»ly -d th. m»a 

the prominences on pho is^derived bv adding together the greatest heights readied by iinK- 

p«mune,^ a,d divWtog by the Kd4 nmbe* of ob«*yed, »d the ««« «to.t i. dm^ed 


by adding together the lengths of the base on the ehromoepheie of individiial 
total inmber of prominences. 




lAmji I. — ^Assmacrr roB the vmm HAur oi- 1936, 



January . 
February * 
Marob 
April 


June 


First quarter 


Second quarter . 


First hatf-year 


Number 
of days 
(effeetive) 



104 I1S4 1 


DMribuiim Meui We0t of Se Sm** Asm* 

Both areas and mmabers idiow a defect at ^ ©arts Mmb a# wift he aewa |ptH» tbe table *- 


Samxuxy to June 1988. 


Peroentage Bast, 


'CoMl sunolier oheerved 


































Metallic Prominences. 

Thirty seven metallic prominences were observed during the half-year and their detaUs are given below : 

Tablk n. — ^L ist of Metallic Prominences. — January to June 1936. 


1936. 

ary 


Tirn(3 
I. S. T. 



H. 

M. 

1 

10 

34 

2 

10 

15 


10 

15 


10 

15 

10 

8 

56 

25 

9 

14 

26 

9 

45 


9 

56 

27 

9 

17 

28 

9 

14 

30 

9 

42 

6 

10 

26 

7 

10 

19 

S 1 

10 

5 


10 9 

15 9 
9 

16 10 

10 9 

22 10 

1 9 

13 11 



24 g 
i 
S 

26 I 9 


Latitude. 

North. Houth. 


! Limb. Height. 



m 

■ 10 


w. 

, If 

30 

w 

II' 

31*5 ' 

W ■ ■ 

20 

19^5 

w 

10 

14 ■ 

,1 

15 

14 

K 

20 

30 . 

’ . W 

15 

; 

16*5 

w 

w 

w 

20 

; 10 

;#iii 

rv 

B, . 

iliiiiii 

20 

WSm 

lilHIi 

BO 


Lines. 

(See note at end of table). 


4, 10, 11 and 12. 

4 and It). 

4 and 10. 

4 and 10. 

4 and 10. 

1, 2, 4, 9, 10, 11 and 12. 

4 and 10. 

1, 2, 4, 9, 10, 11 and 12. 

1, 2, 4, 9, 10, 11 and 12. 

4 and 10. 

1, 2, 4, 9. 10, 11 and 12. 

1, .3,4, 9, 10, 11 and 12, 

1, 2, 3, 4, 5, 6, g, 9, 10, 11 and 12. 

1, 3, 4, 9, 10, 11 and 12. 

1, 2, 4, 9, 10, 11 and 12. 

4 and 10. 

I, 3, 4, 9, 10, 11 and 12. 

4 and 10. 

1,2,4,9,10,11 and 12. 

4, 10, 11 12. 

1, 1, 4, §, 10, 11 and 12. 

4 an d 10 > 

4 and 10 . 

1,2,4, 9,10,11 and 12. 

1, 2, 4, 9, 10, U and 12. 

4 and 10. 

1,2,3,4,9,10, Hand 12. 

"'';f is/.E,' 4 10, 11 and 12, 

^ I, % a, 4 , 9 , 10, n, 12 md iwi 

1, 2, 3, 4, 6, 7, S, 9, 10, 11 and 12, 


liatitude, 


Dato. 

Time 

1. B. T. . 

Base 

“ 


H. 

M. 

o 

1936. 

April 

7 

9 

18 

3 


16 1 

9 

23 

1 


16 

10 

10 

10 


18 

10 

30 


May 

4 

9 

15 

3 


10 

10 

8 

. 4 

June 

11 

11 

6 

3 




* 

lines. 

North. 

South. 

limb. 

Height. 

{See note at end of table,) 

0 

0 

^ * . 

ff 


18‘5 


E 

20 

1, 2, 3, 4, 5, 6, 8, 9, 10, 11 and 12. 


18-5 

E 

15 

1, 2, 3, 4, 5, 6, 8, 9, 10, 11, 12 and lines 
5197-8, 5208-7, 6269-7, 6270-6, 
6284-3, 6324-3, 6328-2, 6337-0, 
5371-7, 6397-3. 


17 

E 

15 

1, 2, 3, 4, 8, 9, 10, 11 and 12. 

14 


W 

10 

1, 2, 3, 4, 5, 6, 8, 9, 10, 11. 12 and lines 
5197-8, .5227-4, 6269-7, 6270-5, 
5284-3, 5324-3, 6328-2, 6371-7, 
5397-.3, 5406-0, 5424-8, .5430. 


22*5 

E 

20 

1, 2, 3, 4, 9, 10, 11 and 12. 


26*0 

E • 

15 

4 and 10. 


21*6 

W 

15 

1, 2, 3, 4, 9, 10, 11, 12 and line 5328-2. 


— The key to the 'wave-leiigthB of metallic lines is as follows 


No. 

A 

Element, 

No 

X 

Element. 

1 

4924*1 

Fe-f 

7 

5276*2 

Ee-f 

2 

5016*0 

He 

z ■ 

6316-8 

Ee + 




9 

5363- 0 

Fe+ 

3 

5018*6 

Fe 

& 



4 

b4. b;,. bj, bj 

Mg, Fe*t 

10 

D,-3Di 

Na 

5 

5234*8 

■ .Fe 

11 

6677 

He 

6 

*5276*0 


12 

7066 

He 


' ; ■ # 

The distribution *of metallK* prominences was as foEoWs ^ 



o ^ 







DtsflacemmiB cf Ifte Eyikogm Lm^ 

Particulars of displacements ol^rved m the eturonios^bare and proiiiiiieiKM wiBi tt© am 

n the following table — 

Tabjjb III — ^Disblacbmehts of me Hydbogeh Lihb Jijruijnr to Juh® 1^* 



Lat tud 


r nua y 


3Sr rth S uth 


10 39 23 

10 24 

10 16 

11 12 

9 14 

9 30 

9 30 

9 30 

9 26 

9 30 ir r 

9 20 

9 14 

8 60 
8 60 

8 46 

10 17 

9 30 

9 10 


9 0 

9 0 

9 0 


9 10 


18 10 
10 


10 0 
10 0 
10 34 


10 34 82 

11 23 60 5 

11 36 19 6 

11 38 20 


9 14 

9 22 

9 24 


14 

22 11 


9 16 

8 n 22 

9 40 8 

9 15 

9 7 2r 

9 0 72 6 

9 18 82 

9 43 

9 40 

9 30 

9 20 

9 17 

9 8 

9 0 28 

9 32 



Ihsplaoemeat 

Bed 

Violet 

Botii 

ways 





AJblmm 

Attqp 

Atbi^ 

Be 

Altof^ axtie®idbficoia--!Uf le--14 
Attc^ 

Albi^ 

At ^ 

Atl»ar eaEteiii^to®a---4a te— 

At tc^ 

Atl»i^ 

At tcm 

«ctw& 

lose I italwdtotfeoiBr— ** 4®—^ 
Ata^teafpwwiMffloe, «4«iA 
fima-rte-r 

All^aa 

A4topiaBiead>ft<m— ^ toi-» 


at^haSRh-- 

At't^ 

At laiiA 


^ 4 to 

Atif ^ ^ 


mmm 












Hour 

I.S.T. 



Displac^uen^. 


Both 

Red, Violet. ways. 




1936 . * 

January 28-— 
contd* 


February 1 




At topj ext^ds from —44** to 
— 38 ®. 

At top. 

Bo. 

Bo. ; extends from+ 56*5® to 
+58' 5®. 

Bo. ; extends from —23® to —25®. 
To Red at base to violet at top ; 

extends from +20® to +2^. 

At top; extends fk>m +27^ to 
+31®. 

At base. 

Bo. 

At top ; extends from —42*5® to 
—46*5®. 

At base ; extends from — 35® to 
— 37 ®. 

At top. 

At base. 

At top ; extaids from 24® to 
+28®. 

At middle. 

At top; extends fhnn +39®* 5 to 
+41® *5, 

In ebromo^l^re. 

At top. 

At top. 

Bo, 

Bo. ; j&mn +50**5 to 

+53®*5. 

39o, 

At base. 

At top. 

Bo. 

At Imse ; 

—30®, 

I At top, 

i In cbroiK^(fte». 

Bo. 

; At top, 

Ik). 

Bo, 

Bo . ; .ext«A ' 5 * I 

Bo, 

To red at top» lo viofei al' 
extasA froiia —1^ to — , 

■ Atl»^ 

Bo. 

At top j from -r i® U t* 

Ik). ; 4® t« 4-i® , 

At Imm I ©xt«A fK» “fi^ to 

+ir. 

At top. 

In 

+ irto*fl^« 

At top; exl^wii --'S8* ft® 

— 2r, 

At hm^* 

Bo, 

At ; e»t«A f»® 3^’^ 

Atttip, 

At ■ ■ 

At top; t«l«idi fpw '**-13* ^ 
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fjititude. 


Xfirth. South. 


lied. Violet. 


At top j ext^s from — 14^ to— 1 Ir- 
In chromosphere. 

At base; extends from — 14® to 
—16^ 

Do. ; extends from — 24® 
—28®. 

At top. 

Do. 

Do. 

Do. 

Do. ; extends from — 21® to 
—31®. 

To red at base, to violet at top; 

extends from — ^ 19® to — 26®. 

At base ; extends from 4*19^ ^ 
4-23®. 

At top; extends from — 32° *6 to 
—35® ^5. 

At base. 

Do. 

Do. 

At top. 

At base. 

In chromcsphere. 

At top. 

Do. ; extends from — 7® to — 10®. 
At base ; extends from — 21® to 
—23®. 

At top. 

At top; extends from — 32 *5° to 
— 35*5®. 

At base ; extends from 11° to 
4-13®. 

At base; extends from 4* 20° to 4- 24®. 
At top. 

Do. ; extends from 4-25° to4-27®. 
At base; extends fn>m4“ 21® tO’4* 23®* 
In chromosphere. 

Do.. 

At top. 

Do. ; extends from 4-^0®* 5 to 
4- 52® '5. 

At base. 

4t top j'extemis from -fw *5 to 
4 46® ‘5. 

At base. , ^ . 

At top; extends from 4-41 *5 to 

Do. ; extends from 4- 17 to 4 20®. 
At base. 

Do. 

At top. 

Do. 

Do, ; extericis f«)m — fS® te — ^r. 
At base. 

At top. 

Do. 

l>o. 

Do. 

Do. 

Do. 

Do. 

Alb«e. ^ 

At lop; exteiitli from 4-ii ^ 

4 IS®. 
























r— 30° 
3r^6o° 
Qr^ir 


TbW 


•East limb 
West limb 


IMal 


Horfclx. 

7S 

m 

11 

m 


South. 

100 

44 

t 

m 

114 

liO 


t74 


Ot t.lieBe diBplacements, 140' were towards the red, 117 towards lie Tiolet aiMi 17 both ways ^aaitaii^^ly. 


Reversals and Displacements m &e Sm*s 

Four hundred and forty-one bright reversals of the Ha line 41§ dterk revwmfe rf »d 

mentB of the Ha line were observed with the spedarc^cope dnrii^ 
below : — ■ . , , ' 


m givm 


Bright reversals of Ha 
Bark i*eversala of . 
Displacements of Ha , 


Ifl ^ 

ie£ 

30 


Ml 

m 

43 


« 


WMk 

flS 

m 

m 


Thirty-seven displacements were towards ihe red/ 18 
The Hale spectrohelioscope has been nsed daily (eacos^># on 
light of the Ha line of changing phenomena and of dls|#««ie 
hours allotted by the International Astronomical Union to this 
are 2-30 to 3-00, 4-00 to 4-30, . 6-30 to 6-00, and 6-30 to 7-06 O. iCT.flf 




hi 

13m 

1«M». 11416 to 


424 




U30 and 12-00 to 12-30 I. S. T., but observations are continued at othesr times in cases where interesting devc- 
pmenta are likely to occur. A summary of the observations made during the first half of 1936 is giyon 
&low : — ® 




East limb. 

West limb. 

- Total. 

Displacements in prominences 

• 

62 

36 

m 


North. South, East. 

West, 

Tom. 

Displacements in Ha dark markings 

18 21 

21 

18 

30 

Displacements in Ha bright flocouli 

. 2 5 

1 

6 

7 



Displacements 

tow^(ki 



BedL 

Violet, Both ways. 

ToW. 

Prominences • • . * ^ , 

54 

44 

, , 

08 

Ha dark markings • . • . 

26 

11 

2 

m 


Ha bright flocouli . . 2 4 1 7 

Prominerhcea Projected on the Dim m Ahaor^km Mmrimgs, 

3Ptiotographs of the sun’s disc in Ha light were arailable from Kodaikaiml and the oa-op^Mng 
r a. 1x>tal of 181 days which were counts as 176 effective days. The mean dai^ areas of Ha abiraption marfe- 
5 s (eorrected for foreshortening) m milUonths of the sun’s visible hemisphere and their mean daily nmabei^ are * 
ron l>elow:— 

Mean 

daily daiy 


Horth 4^43 Wm 

South 6197 

Total . mm Mm 


T?lie above show an increase of 74 per cent in areas and 61 cent in numl^^i compared with tite previoiii 
If-ycsar. 

E’er comparison with bulletins issued prior to the co-operaiaom of otter oteervatofe® tte mewM bwed on 
x3.a>ik:anal photographs alone are also given, 161 days of observation reduced to 14B efiective days. 
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Mmn 
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areas. 

mwmhmu* 

North 

(Kodaikanal photographs only) • 

m 

m 

* 

• . 

a . ' • 

mi 

1938 

South 

( do. ) # 

m 

m 


' » 


4m 

»17 


% 






mm 



•The distribution of-mean daily areas in latitude is shown in the foUowing diagram. Compared with tte 
half-year the zone of maximum activity has advanced 6“ towards the poles in both the bemuiterei. 


tHUtonths of the SijltCs VischLc HeTizisfih 



too 


300 


300 


4 ^ 00 -\ 


Soo-] 




111 ; 
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Comparod with the previous half-year both areas and numbers show a Flight eastern defect, the pereenfme 
in arcus lacing 413 ’14 and in numbers 413*92. 


The mean daily areas of Ha absorption markings uncorrected for foreshortening are given Iselow 

Mmii 

4iuiy 

unmn. 


North ................ 

South ................ 

Total . am I 


The xincorrccted areas amount to 53 per cent of the corrected ones. The cur\'e of distrihution in latitiidle is 
similar to that of the corrected areas as usual. 


Thanks are due to the co-operating observatories for the photographs supplied by them. 


Kodaikanal, i 
The 2nd M(},y, 1937. 


A. L. NARAYAK, 
Director, Kodaikanal Qimrmtory. 
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